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CRASSULACEAE A. P. de Candolle in Lamarck & De Candolle, FI. 

Franc, ed. 3. 4(1): 382. 1805, nom. cons. 


(Stonecrop or Orpine Family) 


Annual, biennial, or | monocarpic or] polycarpic perennials, the plants 
mostly succulent, often evergreen, herbs, subshrubs for shrubs, many of 
treelike habit, or rarely scandent], usually terrestrial from fibrous roots, 
sometimes developing fleshy or woody caudices or rhizomes for rarely epi¬ 
phytic]. Leaves exstipulate, alternate, opposite, or whorled. the internodes 
sometimes reduced and the plants rosulate, the blades simple or occa¬ 
sionally pinnately compound, usually fleshy and succulent, cylindrical to 
flattened with entire to crenate or dentate margins, the leaves of vegeta¬ 
tive and flowering shoots often dissimilar: vegetative reproduction com¬ 
monly by bulbil or plantlet production in the crenations of the leaves or 
by meristematic activity in detached leaves or stems. Flowers perfect or 


' Prepared for a generic flora of the southeastern United States, a project of the 
.Arnold .Arboretum of Harvard University made possible through the support of the 
National Science Foundation (Grant GB-6459X, principal investigator, Carroll E. 
Wood, Jr.). This treatment follows the format established in the first paper in the 
series (Jour. Arnold Arb. 39: 296-346. 1958). The area covered includes North and 
South Carolina, Georgia, Florida, Tennessee, Alabama, Mississippi, Arkansas, and 
Louisiana. The descriptions are based primarily on plants of this area, with sup¬ 
plementary information in brackets. The literature listings given in this paper, al¬ 
though voluminous, are by no means all-inclusive, particularly for Crassula and 
Kalanchoe, and references that I have not seen are indicated by an asterisk. 

I am most grateful to Professor Wood for his continued patience during the 
preparation of the manuscript, for his careful review of its content, and lor help with 
numerous problems. I should also like to thank E. B. Schmidt for her careful editing. 
Figu res 1 and 3 were prepared by Karen S. Velmure; Figure 2 was drawn by Rachel 
A. Wheeler. Living and alcohol-preserved plants used for the illustrations and for 
dissections were kindly supplied by R. C. Rollins, R. D. Thomas, R. E. Weaver, Jr., 
R. L. Wilbur, K. A. Wilson, and C. E. Wood, Jr. 
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imperfect (the plants then dioecious or polygamodioecious), actinomorphic, 
usually proterandrous, arranged in terminal or axillary, usually bracteate 
corymbose, helicoid, or scorpioid cymes, panicles, simple to compound 
dichasia, or solitary [or clustered] in the axils of leaves [or rarely in 
spikes] ; insertion of the sepals and petals hypogynous. Sepals (3) 4 or 5 
[or up to 30], free or connate and then forming a calyx tube. Petals the 
same number as the sepals, free or occasionally connate, forming a tubular 
to urceolate, usually ribbed corolla tube. Stamens as many or twice as 
many (and then obdiplostemonous) as the sepals, insertion hypogynous 
or epipetalous, free ]or occasionally the filaments basally connate]; anthers 
basifixed, dehiscing introrsely by longitudinal slits. 4-sporangiate (2-locu- 
late at anthesis), with a secretory tapetum; pollen 2-celled when shed (as 
monads), 3-colporate. Gynoecium apocarpous or basally syncarpous, the 
carpels usually the same number as the sepals, sessile or stipitate, tapering 
gradually or abruptly into erect or divergent styles, the styles terminated 
by small, often poorly differentiated apical or subapical stigmas; each caqoel 
subtended by a scalelike ] rarely petaloid] nectariferous gland ]or rarely, 
the gland absent]; ovary 1-loculate, superior, with numerous [rarely few 
to solitary] anatropous, crassinucellar, bitegmic ovules on a parietal or 
marginal placenta. Fruit a follicle or follicetum of several basallv connate 

mr' 

follicles, the follicles dehiscent along their ada.xial sutures or rarely by 
aba-xial flaplike valves; seeds usually numerous, small, rarely winged; 
embryo small, straight, embedded in scant, fleshy, cellular endosperm [or 
endosperm occasionally lacking j; megagametophyte of the Polygonum or 
(rarely) Allium type; embryogeny of the Caryophyllad type. (Sedaceae 
Necker, nom. subnud.) Type genus; Crassula L. 


Ptpward of 1500 species in as many as thirty-five genera and six generally 
recognizable subfamilies, distributed throughout the world, primarily in 
areas of subtropical climate with alternating wet and dry seasons. Great 

X_ ^ 

concentrations of species and genera occur in southern Africa, Madagascar, 
the Canary Islands, southern Asia, Mexico, and the Mediterranean region. 
The family is poorly represented in Australia (one genus), Oceania (two 
genera) and South America. Nine or ten species in three genera (repre¬ 
senting two subfamilies) are indigenous in the southeastern United States, 
while eleven or twelve additional species (eight of which represent a fourth 

genus and a third subfamily) have escaped from cultivation and have be¬ 
come naturalized in this area. 


While the family Crassulaceae has generally been conceded to form a 
natural, well-defined taxon, agreement with regard to the definition of taxa 
at essentially all subordinate levels has been fraught with difficulties, and 
there is no general consensus as to the number of species, genera, or sub¬ 
families. Berger (1930), who treated the entire family, recognized six 
subfamilies that, except for inevitable intermediate taxa, are fairly well 
defined morphologically, if not biologically. Baldwin (1939) suggested 
that the relationships within the family are interlinear as well as linear, 
and Berger (1930, p. 382) cautioned about the use of technical characters 
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in the definition of taxa. Berger’s sentiments were reiterated by IMoran 
(1942b), who said that “if too much emphasis were placed on technical 
characters, the numerous exceptions and intergradations would necessitate 
the combination of genera until but six or only one genus remained.” 

The characters that have been used to define subfamilies are largely 
concerned with the number of floral parts and the connation of the petals, 
as well as the position of the flowering shoots and the arrangement of the 
leaves. Certainly some of the problems below the level of subfamily are 
due to the usual succulence of the plants and the poor specimens that 
result from attempts to press the plants by conventional herbarium tech¬ 
niques. It is almost imperativ'^e that studies of the Crassulaceae be made 
with living plants or at least with fluid-preserved materials. 

Members of the family are generally succulent and usually show a whole 
series of xeromorphic adaptations (including anatomical and physiological 
changes), as well as adaptations in the life cycles of some species (e.g., 
Diamorpha Smallii) for drought evasion. Most species have an abundance 
of water storage tissue in the leaves (in which a palisade layer is rarely 
or poorly differentiated) and in the stems (where the parenchymatous or 
collenchymatous tissues of the cortex and pith are well developed). Vascu¬ 
lar tissue is unevenly and irregularly distributed throughout the storage 
tissues, the phloem is poorly developed, and the xylem of the stems is 
generally in a continuous cylinder. 

While trichomes are uncommon in the family, the hairs (as well as the 
adventitious roots and epidermal cells) of some species are suspected of 
absorbing water directly from the atmosphere. A waxy coating secreted by 
the epidermis is characteristic of the leaves, and hydathodes are relatively 
common, often being distributed over both surfaces of the leaves and visible 
to the naked eye as small pits. The stomata, which are usually surrounded 
by three subsidiary cells, are likewise usually well distributed over both 
surfaces of the leaves. 

The stomata of some investigated species are open primarily at night 
and closed during the day, a phenomenon that coincides with carbohydrate 
decrease, excessive increase in malic acid content, and water-vapor loss at 
night, and with starch accumulation and reduced acidity during the day¬ 
light hours. Carbon fixation occurs in the leaves at night when the stomata 
are open, and is thus temporally separated from the light reactions in 
the photosynthetic process. During the day, when the stomata are closed 
and water loss is thus reduced, the fixed carbon is reduced to carbohydrate. 
This physiological syndrome, known as crassulacean acid metabolism 
(CAM), along with the Calvin-Benson cycle (C;t plants) and the C 4 
decarboxylic pathway (C 4 plants), is one of three distinct carbon fixation 
and reduction mechanisms known in vascular plants. While the CAVI 
pathway was originally described from crassulaceous plants, it is not re¬ 
stricted to them, and it may be facultative, depending upon environmental 
conditions. Kluge (1977) has found that under normal conditions in 
nature, Sedum acre is a C 3 plant, but that under experimental water 
stress, carbon dioxide exchange shifts from the Calvin cycle to CAM. As 
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indicated by Black & Williams (1976), all CAM plants are succulents, but 
not all succulents are CAM plants. Ajiparently there is little if any taxo¬ 
nomic significance to C'AM, since the pathway has been reported for 
members of four monocotyledonous and thirteen dicotyledonous families, 
as well as for a fern, Drymoglossiim piloselloides. While only the outlines 
of the process are given above, there has been much research on CAM; for 
further information, see the papers listed under family references, as well 
as a few titles included under Kalanchoc. 

Other features of the Crassulaceae of biological interest are the wide 
range of chromosome numbers (from 2u = 8 to 2n - ca, 500) and the oc¬ 
currence of considerable and widespread intrasiiecific variation in chromo¬ 
some number, including both polyploidy and aneuploidy. Uhl ( 1970) reports 
that two sjiecies of Graptopctalum Rose have gametic chromosome num¬ 
bers of ;/ - 245 rt- 5 and ;? - 270 + 5, higher counts than have been 


reported for any other seed plants. The occurrence of heteroploidy has 
proved to be confusing, particularly with regard to species delimitation, 
and especially when tew if any morphological characters correlate with 
the different chromosome numbers, 

I hi (1976) has determined that the majority of the Crassulaceae of 
Mexico (subfams. Sedoideae and Echeverioideae) . belong to a giant 
bio.systematic comparium. since they have been interconnected, directly or 
indirectly, by artificial hybrids. iMore than 1100 different hybrids have 
been produced among at least 165 species of the genera Echeveria. Sedurn, 

f 

Pachyphytiim, Graptopctalum, Thompsonella. Villadia. and Lowp/iyllum 
. . . . ’ Moreover, the intersubfamilial hybrid between Echeveria linguijo- 
lia Lemaire and Sedum crcmnophila Clausen, lioth with 2n — 66, has nor¬ 
mal meiosis and 95 percent normal jiollen (Uhl, 1966, 1976). It would 
apjiear that continued chromo.some studies, together with hybridization 
programs, in other groups of the family will alter the concept of relation- 
shijis at almost all ranks and will undoubtedly provide the basis for a 
more acceptable (if not a more utilitarian) taxonomy. 

In current systems ot classification, the Crassulaceae are closely allied 


with the Saxifragaceae. from which they can be distinguished by their usual 
succulence and their flowers with the number of petals or sepals and 
carpels the same, the carpels subtended by nectariferous glandular scales, 
and the seeds lacking (or with only scant) endosperm. Penthorum L. is 
the only genus that has created problems in the delimitation of the Crassula¬ 
ceae, and Quimby (1971) has concluded that this family is a natural as- 
semblage only if Penthorum is excluded. .Although Penthorum e.xhibits 
characters that are in many respects intermediate between the two families 
(it has occasionally been placed in its own monogeneric family. Pen- 
thoraceae Rydb. ex Britton), in this flora Penthorum has been included in 

the Sa.xifragaceae in subfam. Penthoroideae Engler, for the reasons outlined 

^ !• 

there (Spongberg. 1972. p. 421). 

Thorne (1968) and Cronquist (1968) include Crassulaceae and Saxi¬ 
fragaceae in the Rosales, while Takhtajan (1969) includes the two families 
in the Saxifragales. Both Takhtajan and Cronquist note that the Podo- 
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stemales (Podostemaceae) (included in the Rosales by Thorne) are un¬ 
doubtedly derived from the Crassulaceae. Support for a close relationship 
between the Crassulaceae and the Podostemaceae. seemingly dissociative 
taxa. comes primarily from embryological similarities noted by iMauritzon 
(1939). ^laheshwari (1945). and Subramanyam (1962) that have been 
summarized in this flora by Graham & Wood (1975). An evolutionary 
trend toward adaptation to an aquatic habitat is also evident in the 
Crassulaceae in some members of Crassula sect. Till.4eoideae. 

None of the Crassulaceae is of great economic importance, although 
many of the species are cultivated as ornamentals, both as pot plants and 
as garden perennials. In our area, species of Seduni and Sempervivum 
(subfam. Sempervivoideae Berger) are commonly grown in rock gardens 
and on walls. Some of the species have been used in folk medicine and as 

greens in salads. 
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Key to the Genera of Crassulaceae in the Southeastern 

United States 

A. Petals (3) 4 or 5, free or only slightly connate at base; stamens free from 
the petals and inserted hypogynously. 

B. Stamens 2X the number of sepals and petals tsubfam. Sedoideae ). 

C. Gynoecium apocarpous; flowers perfect or imperfect, 4- or 5- 
merous; mature follicles dehiscing longitudinally; annuals, bien¬ 
nials, or perennials.[ p Sednni. 

C. Gynoecium syncarpous at base; flowers perfect, 4-merous; mature 
follicles dehiscing by a tear-shaped, flaplike, abaxial valve; winter 

annuals. 2. Diamorpha. 

B. Stamens the same number, (3) 4, as the sepals and petals; gynoecium 
apocarpous, mature follicles dehiscing longitudinally along the adaxial 
suture; annuals or biennials (subfam. Crassuloideae).3. Crassula. 

A. Petals 4, connate, stamens 8 (in 2 whorls of 4), epipetalous; gynoecium 
basally syncarpous; perennials naturalized in southern Florida (subfam 
Kalanchoideae). 4_ Kalanchoe. 


Subfam. SEDOIDEAE Berger 

1. Sedum Linnaeus, Sp. PI. 1: 430. 1753; Gen. PI. ed. 5. 197. 1754. 

Annual, biennial, or perennial, ± succulent, often evergreen or decidu¬ 
ous herbs [subshrubs or shrubs], cespitose or with mat-forming vegetative 
shoots and then usually with slender, ascending or erect, terminal or oc¬ 
casionally axillary flowering stems. Roots generally fibrous, occasionally 
thick and tuberous, sometimes from a rhizome or a fleshy or woody caudex. 
Leaves glabrous, often glaucous [or rarely glandular-pubescent], mostly 
alternate, occasionally opposite or whorled, often imbricate and sometimes 
subrosulate, sessile or short-petiolate, often spurred at base, the blades 
flattened to cylindrical, ovoid, or subglobose, when flattened, linear to 
lanceolate, oblanceolate, ovate, or suborbicular in outline with entire to 
dentate margins [rarely spine-tipped]; leaves of vegetative and flowering 
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shoots often dissimilar. Flowers perfect or imperfect (and the plants then 
dioecious or polygamodioecious), arranged in axillary or terminal, often 
bracteate, diffuse to compact corymbose, helicoid or scorpioid cymes 
(often with several helicoid or scorpioid cymes terminating a single flower¬ 
ing stem), in simple or compound dichasia |or rarely solitary or in spikes], 
insertion of the floral parts hypogynous. Sepals 4 or 5 [or rarely up to 9], 
imbricate or valvate in bud, free or connate basally, often fleshy and bract¬ 
like or leaflike. Petals 4 or 5 | or as many as the sepals, or sometimes absent 
in carpellate flowers of dioecious species], free or slightly united basally, 
erect or patent, yellow, greenish, white, pinkish, pun3lish [or very rarely 
blue], usually narrowly elliptic or subulate in outline, sometimes keeled. 
Stamens 8 or 10 [or twice the number of sepals] in 1 or 2 whorls, free 
[or those opposite the petals occasionally epipetalous]; filaments subulate 
to filiform, tapering to the yellowish or reddish anthers. Gynoecium of 4 
or 5 I or as many as the number of sepals] erect or divergent carpels, the 
carpels free [or only slightly coherent basally], tapering into short, slender 
styles above; ovaries unilocular, with numerous [or rarely 1 or few] ovules 
on 2-lobed parietal placentae along the adaxial sutures. Fruits erect or 
divergent follicles, often with stylar beaks, with many [or rarely 1 or few] 
seeds, dehiscent along the adaxial sutures: seeds usually small, sometimes 
winged, with fleshy endosperm surrounding the straight embrj'O, mega 
gametophyte of the Polygonum or Allium tyi^e. Base chromosome num¬ 
bers 4, 5, 6, 7, 8, 9, 10, 11. (Including Anacampseros Haw., Hylotelephium 
H. Ohba, Rhodwla L., Tctrorum Rose.) Lectotype species: S. acre L.; 
see Hitchcock, Prop. Brit. Bot. 156. 1929. (Xame from Latin, sedete, to 
sit or hold fast, in reference to the manner in which numerous species grow 
on rock outcrops and on walls; said by some to be dei ived from Latin for 
to assuage or soothe, apparently in reference to their reputed healing qual¬ 


ities.) 


Stonecrop, live-forever, orpine. 


A large genus of some 300 to 600 species (Willis, 1966) widely dis¬ 
tributed in the Temperate Zone of the Northern Hemisphere, extending into 
the Arctic (ca. four species), and into the Southern Hemisphere of the 
Old W^orld in the equatorial mountains of East Africa and in Madagascar. 
In the W'estern Hemisphere species of the genus range into South America 
in the Andes of Bolivia and Peru. Great concentrations of species are found 
in western North America; in Mexico, where twenty-eight species are 
endemic to the trans-Mexican volcanic belt alone (Clausen, 1959); in 
Europe and the Mediterranean region; and in eastern Asia. In the south¬ 
eastern United States seven or eight species are native, while three or four 
additional taxa have been reported as escapes from cultivation. Clausen 
(1975) recognized twenty-two additional species as native to North Ameri¬ 
ca north of the Mexican Plateau, and he also recorded thirteen (both 
native North American and exotic) taxa as naturalized, while he included 

fifty-three species in his annotated list of cultivated species. 

Largely in response to interest in the species as garden plants, the first 
modern treatment of Sedurn was prepared by Praeger (1921), who, in 
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accounting primarily for taxa known in cultivation, laid the basic taxo¬ 
nomic framework for the genus. I’raeger distributed the s|)ecies among 
ten sections and numerous groups, while Berger ( 1930), treating the entire 
genus, recognized twenty-two sections, as well as subordinate series and 
groups. Froderstrdm (1930, 1931, 1932, 1935), who prepared the most 
exhaustive world-wide treatment, recognized two sections (Rhodiola and 
OTlepiiium) but treated the remaining species on a geographic basis, 
dividing taxa within each major geographic area into two classes (on the 
basis of erect versus divergent carj^els) and numerous subordinate groups. 
In Praeger’s and Berger’s classifications, which are generally more utilitari¬ 
an. are currently in wider use, and also coincide at the sectional rank for 
our species, the native and adventive southeastern sjDecies belong to four 
sections. In treating the North American species. Clausen ( 1975) has 
recognized three of the.se four subgeneric taxa but has elevated each of 
them to the rank of subgenus while including the species of the fourth, 

.sect. Kpetkium Boi.ss.. in subg. Sedli.m. He recognizes five .sections within 
subg. Sedum and two within subg. Rhodiola.- 


Section Rhodiola (L.) Scopoli {Rhodiola L., pro gen., Sedum subg. 
Rhodiola (L.) H. Ohba) (perennials with deeply rooted, fleshy or woody 
caudices terminated by clasping, well-developed or reduced, scalelike leaves 
with annual, leafy flowering stems developed in their a.xils, the mature 
follicles erect, with stout stylar beaks) is jirimarily a Eurasian group that 
is represented in North America by only two (or perhaps three) species. 
Sedum Rosea (L.) Scopoli {Rhodiola Rosea L., Sedum Rhodiola DC., S. 
roanensis Britton, S. Rosea var. roanensis (Britton) Berger, Rhodiola 
roanensis (Britton) Britton), 2n = 18, 22, 32, 33, 36. is a wide-ranging 
circumpolar species, with a discontinous distribution at higher altitudes in 
mountainous regions, that occurs throughout much of Asia, northern Eu¬ 
rope, and arctic and boreal North America. In our area, it has been recorded 
from over 6,000 feet on Grandlather Alountain, North Carolina, and on 
Roan Mountain, on the North Carolina-Tennessee boundary. These 
southern localities, where 5. Rosea grows in moist soil in crevices and on 
rock ledges, usually on north-facing cliffs, are some 500 miles south of the 
nearest known populations in Bucks County, Pennsylvania. Farther north 
it occurs at high elevations in New \ork, Vermont, and northward along 
the coast of Maine into Canada. In western North America, 5. Rosea 
extends southward in the Cordillera into California, Colorado, and New 
Mexico, and in the Rocky Mountains (where it is sometimes segregated as 
S. intcgrijolium (Raf,) A. Nelson {Rhodiola integrifolia Raf., S. Rhodiola 


Torrey, not DC.) or treated as S. Rosea subsp. 


joliu 


(Raf.) 


Hulten) 

j often sympatric with 5. rhodanthum A. Gray {Clementsia 

rhodantha (A. Gray) Rose), 2n = 14, the second representative of the 
section in North America. 


.Although Clausen (197.S, p. 474) proposed Sedum subg. Rhodiola, the change 

in sLatus had been proposed by H. Ohba (1975, p. 285) some months before the 

publication of Clausen’s treatment. Despite this, Ohba (1977) credits the combination 
to Clausen. 
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Characterized by usually imperfect, four-merous llowers in dense, ter¬ 
minal corymbose cymes and by fleshy or woody caudices that rejxitedly 
emit an odor of roses when dried, plants of Sedum Rosea are dioecious or 
occasionally polygamodioecious; individuals and entire populations with 
perfect flowers occur in some areas. The petals are greenish or yellowish, 
often tinged red at the apex, or deep red. and the numerous, closely spaced, 
glaucous, alternate leaves of the erect stems are oblanceolate, with acute 

apices and entire or irregularly dentate margins. 

Extremely polymorphic over its wide geographic range. Sedum Rosea 
consists of numerous races that differ from one another primarily in flower 
color, leaf-margin dentation, and plant size and habit. Numerous segregate 
taxa have been proposed, particularly from Asia. Britton & Rose (1903, 
1905) considered the southern Appalachian populations to compiise a 
distinct species (S. Toanensis, as a species of Rhodiola)', they also recog¬ 
nized four segregate species in western North America. Hulten ( 1945), 
however, contended that the majority of segregate taxa should be considered 
informally as local races, while others should, at most, be treated at the 

subspecific or varietal rank. 

Sedum Rosea is also variable cytologically, and Uhl (1952) has shown 

that two chromosome races, one with 2n = 
are widespread in North America. \\ iens & Halleck (1962). however, have 

reported that Rocky ^Mountain plants of 5. Rosea have 2n 
count of 2n = 18 has been reported by Sokolovskaya & Strelkova (1960). 
Other than inconsistent differences in flower color, plant sexuality, and 


22, the other with 2n 


36 


32. and a 


habit, the cytological differences appear to lack morphological correlations, 
yet the 22-chromosome race occurs in glaciated northeastern North America 
(and in Eurasia), while the 36-chromosome race is apparently confined to 
unglaciated areas of the continent. Plants from oui area remain uninvesti¬ 
gated cytologically, and, although it has been questioned whether these 
southern populations are still extant (Wherry, 1934; Uhl, 1952), Clausen 
(1975) reported seeing two plants on Roan Mountain in 1972. 

Section Telephium S. F. Gray {Sedum subg. Telephium (S. F. Gray) 
R. T. Clausen. Hylotelephium H. Ohba) (perennials from caudices lacking 
scalelike leaves, with slender to thick fusiform roots, producing eiect, 
rarely decumbent, usually annual, leafy flowering stems; flowers perfect, 
5-merous, with erect, stipitate carpels, the mature follicles erect, with 
slender stylar beaks) is also widely distributed in temperate regions of 
Eurasia and is represented in our flora by Sedu)n telephioides Michaux 
{Anacampseros telephioides (iNIichaux) Haw., Hylotelephium telephioides 
(Michaux) H. Ohba), 2n = 24. The only species of the section indigenous 
to North America, S. telephioides grows on rock ledges and in crevices on 


exposed and shaded cliffs, and on stony slopes in rich woods in the moun¬ 
tains and adjacent upper Piedmont from southern Pennsylvania south¬ 
ward into Georgia; it is also known from limestone bluffs along the Ohio 
River in southern Indiana (Harrison County) and from southern Illinois.’ 


House (Annot. List PI. N. Y. 376. 1924) pointed out that records for S. tele 
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Blooming in late summer and fall, Sedunt telephioides is rather variable 

vegetatively but is easily recognized among our native sedums by its erect 

stems with flattened, mostly alternate or sometimes opposite, occasionally 

glaucous, broadly ovate leaves with subentire to coarsely toothed margins, 

and its numerous flowers arranged in corymbiform cymose inflorescences 

2.5-S(-14) cm. broad. The carpels are pinkish, subtended by nectariferous 

scales about as broad as long, and the sepals and stamens are shorter than 
the pink to whitish petals. 

C losely allied to Sedum Tclcphium L., a wide-ranging Eurasian species, 
and the numerous (up to 25) additional Eurasian taxa included within this 
complex (several of which have been variously either segregated from or 
included within S. Telephium ). S. telephioides has been retained as a dis¬ 
tinct species by American botanists despite the suggestions of both Praeger 
and Berger that it is probably only a variety of 5. Telephium. Like the S. 
Rosea group, the S. Telephium complex is exceedingly variable both 
mor|)hologically and cytologically, and its classification and nomenclature 
are both confusing and in need of careful study. As a group, the Eurasian 
taxa can reputedly be distinguished from 5. telephioides by their fusiform 
roots, their flowers with the sepals scarcely one-third as long as the petals, 

their stamens about equaling or exceeding the petals, and their nectariferous 
scales longer than broad. 


Of the taxa included within the Sedum Telephium group, S. telephioides 
appears to be most closely allied to S. Telephium subsp. alboroseum (Baker) 
Frbd. (5. erythrostictum Miquel. S. alboroseum Baker, including A. specta- 
bile Boreau, fide Frbderstrom. Hylotelephium erythrostictum (Miq.) H. 
Ohba), 2n = 48, 50, 51, of China, Manchuria, and Japan, which has been 
reported as an escape from gardens in northeastern North America, south- 
ward into Virginia and North Carolina. An herbaceous perennial with 
spreading to procumbent stems to 60 cm. tall, with alternate, opposite, or 
whorled leaves and pinkish white flowers in flat corvmbose cvmes, subsp. 
alboroseum flowers in late summer and fall and is also closely linked to 
S. Telephium subsp. Telephium var. purpureum L. {S. Telephium subsp. 
purpurascens (Koch) Areschoug. A. pur pureum (L.) Schultes. S. pur- 
purascens \\ . I). J. Koch), 2n — 36, 48.’* Also a common garden plant, 
5. Telephium var. pur pureum has been reported as an escape and persisting 
out.side of cultivation near waste heaps in Warren County. North Carolina. 
Native to Europe, plants of S. Telephium var. pur pureum are stout, 
glabrous herbs from fusiform roots, with alternate, broadly oblong or 
elliptic leaves with coarsely and irregularly toothed margins and flowers 
with purplish red to rosy petals in dense, terminal and lateral, subglobose 
cymes. Unlike those of S. telephioides, the leaves of S. Telephium var. 


phioidcs fiom western and central New York state are generally attributable to 
5. Rosea. One substantiated report from Dutchess County is probably based on a 
plant escaped from cultiyation (cf. Wherry, 1936). 

^Material determined to be 2n = 48 tentatiyely assigned to subsp. Telephium var. 
purpureum (as subsp. purpurascens (Koch) Areschoug) by Jalas & Rbnkko (1960). 
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purpureum are reduced in size up the flowering stems. Sedum Telephium 
has also been listed as persisting outside of cultivation in Knox and Sevier 
counties, Tennessee, but it is not known to which subspecies these plants 

/ j 

should be assigned. Allard (1932, 1940), moreover, contended that true 
S. Telephium is a long-day plant that rarely blooms in gardens south of 
X ew England. It is obvious that the reports of taxa of this complex in 
our area should be examined critically during the course of an overall 
study of the group. 

The majority of species of Sedum have been placed in sect. Sedum {Seda 
Genuina W. D. J. Koch, sect. Eusedum Boiss., subg. Sedum fide R. T. 
Clausen) (annual or usually perennial herbs or subshrubs with creeping 
rhizomes, cespitose sterile stems, and erect or ascending flowering stems; 
flowers perfect, the mature follicles divergent). This section is represented 
in the southeastern states by four native species and two adventives that 
have become naturalized. 

Sedum pulchellum Michaux (including S. vigilmontis Small), 2n = 22, 
44, 66, occurs primarily on limestone, but also grows on granitic and sili¬ 
ceous outcrops in open and wooded habitats from western Virginia through 
Kentucky and Tennessee to southern Illinois, Missouri, and Kansas, and 
southward into northwestern Georgia, northern Alabama, Arkansas, Okla¬ 
homa, and Texas. Sedum pulchellum is usually a winter annual or occa¬ 
sionally a biennial or perennial due to persistence of vegetative shoots. Its 
seeds germinate in the fall and produce small, lax rosettes of flat, greenish 
gray, oblong-spatulate leaves (Figure 1, a). Early in spring, decidedly 
different erect flowering stems develop with narrowly linear, cylindrical, 
terete leaves with auriculate or sagittate bases (Figure 1, b). These leafy 
stems, 10-30 cm. high, are terminated by three (rarely to seven) widely 
divergent, recurved, secund scorpioid cymes 3-4 cm. long comprising 
many four-merous flowers with whitish to deep pink or purplish petals 
that are about twice as long as the small sepals. 

In their vegetative, over-wintering stage, plants of Sedum pulchellum 
have been confused with S. Nevii A. Gray (5. Beyrichianum Masters (?), 
S. Nevii var. Beyrichianum (Masters) Praeger (?)), 2n = 12, a narrow 
endemic known with certainty from only five localities (three in Alabama, 
one in southeastern Tennessee, and one in extreme west-central Georgia 
near the Alabama line). A slender, only slightly glaucous perennial with 
loose, sterile rosettes of leaves 1—5 mm. wide, flowering stems with 12—40 
narrowly oblanceolate or linear-oblanceolate, usually subterete leaves 3-19 
mm. long, 1—3 mm. wide, white, four-merous flowers in two or three slender 
helicoid cymes terminating flowering stems, and seeds 0.5-0.6 mm. long, 
5. Nevii grows on exposed and/or shaded cliffs and rock ledges. Until 
Baldwin’s (1942) cytological investigations revealed that the Alabama 
plants are diploids with 2n = 12, it was generally assumed that S. Nevii 
had a wider range in the eastern United States. Virginia plants referred 
to S. Nevii, however, proved to be diploids with 2n = 28, and, as a result 
of this chromosomal difference and very subtle morphological dissimilarities, 
Clausen (1946) segregated the Virginia populations as 5. glaucophyllum. 
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Figure 1. Scdum. a-d. S. piilchellum-. a. over-wintering rosette. X b, 
dowering shoot, X 1; c. tlower, X 5; d. cross section through four carpels of 
gynoecium. X 20. e-j, X piisiUiun: e, haliit of mature plant. X 1; f. longitudinal 
section through immature follicles (note nectaries, solid black, at base of car¬ 
pels). X 6: g. immature follicles, X 6: h. mature, dehisced follicles, X 6; i, 

.seed. X 25; j. embryo. X 25. k. S. ghiucophyllinn. leafy shoot. X 1. 1. S. 
teniatiini, leafy shoot. 


m, .S’, telephtoides. outline of leaf. X 


2iIoreover, western records for S. Xcvii in southern Illinois and Missouri 
have resulted from confusion with 5'. pulchellum (cf. Wherry. 19.34, 1936). 

Further cytological investigations by Uhl (1970) have revealed chromo¬ 
some numbers of 2n = 28. 44. and 56 within Scdum ^laucophyllum, which 

o^^ n to fron^ .southern Maryland, southward through the 

mountains and adjacent Piedmont of West Virginia, Virginia, and North 

is known from Rockingham and Surrey counties. A 
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glaucous perennial with dense, sterile rosettes of leaves 2-7 mm. wide, 
flowering stems with 30—50 flat, oblanceolate leaves 5—25 mm. long and 
2-6 mm. wide, white, four-merous flowers in three or sometimes four 
slender helicoid cymes terminating the flowering stems, and seeds 0.5-0.9 
mm. long, 5. glaucophyllum grows in moist rock crevices on both sunny 

and shaded cliffs. 

Acceptance of the distinct species status of Sedum glaucophyllum has 
been tentative since morphologically it is practically indistinguishable 
from S. Nevii, and the characters used to separate it are largely qualitative. 
Clausen himself (1946) cautioned that 'h . . if the morphological and 
cytological differences are not correlated . . . the classification again must 
be revised and S, glaucophyllum, though a genetical species, would need to 
be handled taxonomically as a synonym under S. Nevii, since it would 
not be a practical unit capable of recognition by ordinary observation.” 
However, since 5. Nevii sensu stricto is a narrowly restricted endemic, the 
use of the name 5. glaucophyllum for plants throughout the distinct, more 
northeastern range of that taxon is facilitated on a geographic basis and 
seems justified considering the state of our biological knowledge of both 

taxa. 

Another species of sect. Sedum, Sedum ternatum Michaux {Anacamp- 
seros ternata (Michaux) Haw.), 2n = 16, 24, 32, 48, is widely distributed 
throughout the eastern United States, from New Jersey and Pennsylvania, 
west through Ohio and Illinois to Missouri, and southward to the Carolinas, 
Georgia, and Arkansas. Easily recognized by its flat, elliptic to spatulate 
or rounded leaves usually in whorls of three on sterile shoots, and its 
obovate to spatulate leaves on the erect flowering stems, S. ternatum is a 
procumbent, mat-forming perennial with white, four-merous flowers with 
crimson or purplish anthers. The flowers are usually arranged in three 
terminal scorpioid cymes. The plant often occupies rich, moist sites in 
woodlands and frequently grows on rocky slopes and along stream banks 
where it sometimes forms extensive, carpet-like stands. Baldwin (1942) 
discovered the existence of four chromosome races; diploids {2n = 16), 
triploids (2w = 24), tetraploids (2n = 32), and hexaploids {2n = 48). 
While these races lack morphological correlations, the diploid race (West 
Virginia, Kentucky, and Virginia) and the hexaploid (one locality near 
Tuscaloosa, Alabama) have limited geographic ranges in contrast to the 
widespread tetraploid and the sporadic occurrence of triploid plants. 

Sedum sarmentosum Bunge, a native of northern China and Japan, is 
also a prostrate, mat-forming perennial with long, creeping sterile shoots 
with leaves in whorls of three and erect flowering stems. Its flowers, how¬ 
ever, are arranged in terminal compound cymes and are bright yellow. 
Occasionally cultivated as an ornamental, S. sarmentosum has been re¬ 
ported as naturalized in a few dry, open, rocky areas in the mountains of 
North Carolina. Small (1933, p. 588) probably confused this species with 
5. mexicanum Britton (5. sarmentosum Masters, not Bunge) when he said 
that it (5. mexicanum) . . is often cultivated and occasionally escapes 
from gardens” in the Southeastern States. 
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Another adventive. Sediiui acre L., 2n 


16. 40. 48. 60. 80. 100. 120. 


is native to a wide area of the Old World in Europe, northern Asia and 
Asia Minor, and northern Africa. Plants of this species are small, creep- 
infij. mat-formin,<t, evergreen perennials, with bright yellow flowers pro¬ 
duced in two or three terminal cvmes. They can be recognized bv the 
overlapping, alternate, flattish, deltoid leaves that are broad and slightly 
spurred at the base. One of the most widelv cultivated sedums in rockeries 

w 

and on walls, 5. acre has apparently become naturalized in Avery and 
IMitchell counties. North Carolina. 

Section Epktivium Boiss. (sect. Procrassula (Griseb.) Schdnl., pro parte, 
Procrassula Griseb.) (annual or biennial herbs with slender, poorly de¬ 
veloped root systems, the flowering plants lacking sterile shoots, with 
alternate, flattened or cylindrical leaves and branched cymose, corymbi- 
form. or dichasial inflorescences comprising several to numerous 4-9-. 
mostly 5-merous flowers with white, yellow, red, or blue petals) is some¬ 
times included within sect. Sedivm and is represented in our area by two 
species. Seduin pusillnai iMichaux {Tctroruin pusUlwn (IMichaux) Rose), 
2/7 -r 8, is a diminutive winter annual endemic to the Tfledmont of the 
Carolinas and Georgia. In this region S. pusilluni is totally restricted to 
granitic flat-rock communities, and it is sometimes confused with Dia- 
morpha Smallii Britton (q.v.). Scduoi pusUluoi is typicallv found growing 
in the jiartial shade of pines or Juniperus vir^ifiiana L. at the margins of 
the rock outcrops and in sheltered depression pits on outcrop surfaces, 
often near vernal pools. Diamorpha Smallii, on the other hand, grows in 
exposed depression pits with veiy shallow soils. A small, early-spring- 
flowering, usually branched herb 4—12 cm. high with bluish green (or 
sometimes reddish) cylindrical leaves and four- or rarely five-merous 
white or pinkish flowers with red anthers arranged in small helicoid cvmes 
or simple or compound dichasia, S. pusillum differs in several significant 
anatomical and morphological features from Diamor pha. These dif¬ 
ferences, several of which are diagnostic in the field, are discussed under 


Diamor pha. The diploid chromosome complement of 2n — 8 known for 

S. pusillum is the lowest diploid number recorded in the Crassulaceae 
(Baldwin, 1940). 

Sedum S, uttaUiatrum Raf. {S. Torreyi G. Don, 5. sparsiporum Nutt, in 
Torrey & Gray), 2n = 20, also a diminutive winter annual, ranges from 
Arkansas and ^Missouri, southward into Oklahoma and Texas. Flowering 


from 


Jiily 


and sandstone glades and ledges and in the clayey soils of pasturelands. 
Individuals of 5. Nuttallianum are small plants 5—15 cm. high, usually 
branched from the base, with short, pale, silvery green, cylindrical, 
alternate leaves and sessile or short-pedicellate, five-merous flowers with 

lanceolate yellow petals arranged in two to five terminal cvmes. Although 

• • • - 

the individuals are small, the plants commonly grow in large, dense 

populations and give an overall effect in the field of a low, mat-forming 
perennial. 

Despite continued investigations of the genus, Sedum remains extremely 









1978] SPONGBERG, CRASSULACEAE 215 

complex taxonomically and confusing nomenclatiirally. While the sub¬ 
generic classification is not without problems, particularly some concerning 
the limits and validity or potential generic status of certain sections, the 
greatest confusion appears to center around the definition of species and 
subspecific taxa. Certainly some of the confusion is the result of the fact 
that “dried specimens can be the source of erroneous impressions concern¬ 
ing the dimensions and shapes of structures, as well as the habits of 
plants . . (Clausen, 1959, p. 337). In addition, many species are 
narrow endemics, while others are extremely wide-ranging and exhibit a 
polymorphism that appears to be proportional to the extent of the geo¬ 
graphic range. Furthermore, individuals of a given taxon may appear quite 
different from one another depending upon their habitats and the time of 
year the plants are observed or collected. The color of the stems and 
foliage, for example, is prone to change, usually becoming reddish under 
dry conditions, with age, or when grown in intense light. 

But, as pointed out by Uhl (1961), “the most conspicuous problem is 
the frequency with which heteroploidy occurs within what many authors 
have regarded as a single species. . . .” While this phenomenon is 
characteristic of the Crassulaceae in general, it is particularly evident in 
Sedum, where both polyploidy and aneuploidy have been documented for 
numerous species, several of which are native to our area. Furthermore, 
every gametic chromosome number from n = 4to« = 38 is known in the 
genus. However, 5. s p at hull j olium W. J. Hooker, 2n = 30, is cited as an 
exception to the rule, inasmuch as it is a wide-ranging species (Vancouver 
Island, south to southern California) that apparently has the same chro¬ 
mosome number over its entire area (Uhl, 1961b). 

As a possible explanation of the usual lack of morphological correlation 
with the heteroploid cytological condition found in numerous species, Lhl 
(1961b) suggests that these taxa are presently undergoing rapid evolution 
and that “each karyotype has not yet evolved its own distinctive genotype 
and phenotype. . . .” This hypothesis gains support from the fact that 
the usual habitats of species of Sedum are cliffs and rock outcrops, 
habitats that are discontinuous and unstable in terms of geologic time 
and, as a result, are probably conducive to rapid evolutionary rates. 
Likewise, Clausen (1959) suggests that the morphological and physiological 
differences between the closely related species endemic to the trans-Mexican 
volcanic belt are largely due to gene mutations, while changes involving 
chromosome number have led primarily to genetic isolation between 
sympatric taxa. Investigations employing electrophoretic techniques might 

give support to these interpretations. 

While the chromosomes of Sedum are generally small, Uhl (1961) and 
Uhl & Moran (1972) point out that they seem to possess localized 
kinetochores, ruling out the possibility that the heteroploid condition is 
the result of diffuse kinetochores and chromosome breakage like that 
documented for Car ex (Cyperaceae) (Davies, 1956). Levan (1933) 
reported heteromorphic sex chromosomes for a single plant of S. Rosea 
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from a dioecious population, but in his 1952 report, Uhl could not dis¬ 
tinguish specific sex chromosomes. 

In their cytological survey of Japanese and Soutli Korean Crassulaceae, 
LIhl & Moran (1972) calculated the approximate nuclear volume of cells 
of taxa within two complexes of Sedum. A nearly proportional increase of 
nuclear vxilume was found in sect. Aizoon, a complex comprising diploids 
(where n = 16) to apparent heptaploids, suggesting that the change in 
chromosome number within this group is the result of “multiplication of 
the more or less complete genome.” This situation is in contrast to that 
encountered in S. polytrichoides Hemsley ex Hemsley & Forbes, sensu lato, 
where no clear relationship between chromosome number and nuclear 
volume was evident. Uhl & Moran speculate that in this highly dysploid 
species, where plants are known to vary from n — 11 to w = 35, “very 
extensive rearrangement and repackaging of essentially the same amount 
and kind of chromosomal material, probably chiefly by translocations, 
have accompanied and made possible the many changes in chromosome 
number in this complex.” 

Interspecific hybridization, except within sect. Telephium, is thought 
not to occur in nature, and there have been no attempts to produce 
artificial hybrids utilizing cultivated materials (Evans, 1971). Even with¬ 
in taxa exhibiting polyploidy it has generally been concluded that the 
polyploid condition has been achieved through autopolyploidy and not 
through allopolyploidy. Certain hypotheses concerning the origins of some 
taxa, however, have been advanced that are based on the assumption that 
interspecific hybridization has occurred. Notable among these hypotheses 
is Baldwin's (1940) suggestion that Diamorpha Smallii, 2n = 18, is the 
amphidiploid product of “fusions between the 4- and 5-chromosome 

tendencies” within Sedum as represented by 5. pusillum and S. Nuttal- 
lianum, respectively. 

The scant data concerning floral biology of Sedum indicate that there 
is a range from proterogyny and homogamy to marked proterandry. In 
proterandrous flowers the anthers of the outer whorl of stamens dehisce 
first, followed by the slightly delayed dehiscence of the anthers of the 
inner whorl. The movement of the stamens to an erect position over the 
carpels just before dehiscence and their subsequent return to the periphery 
of the flower afterward are suggestive of similar movements observed in 
flowers of several genera of subfam. Saxifragoideae of the Saxifragaceae. 
Although the maturation and receptiveness of the stigmas and the de¬ 
hiscence of the anthers are usually not synchronous, self-pollination may 
occasionally occur; however, no studies have been located that deal with 
compatibility systems within the genus. 

Nectar is secreted by the small, scalelike glands that subtend the 
carpels (the glands considered to be dorsal outgrowths of the carpels), 
and the few recorded observations suggest that visitors attracted to the 
flowers are usually dipterans, hymenopterans, and lepidopterans. 

Dispersal of seeds from the mature, dehisced follicles is probably by 
wind action that sets up short-term vibrations of the follicles. The seeds 
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are small, and those of Sedum Rosea are narrowly winged at each end. 
The low, often creeping, vegetative shoots of numerous species root at the 
nodes, and propagation and dispersal undoubtedly occur frequently by 
vegetative means. Both pieces of stem and individual detached leaves of 
most species develop adventitious roots and shoots, and Yarbrough (1936) 
found that in leaves the mode of origin of these structures is through the 
activity of a secondary meristem that develops from vacuolated, differen¬ 
tiated parenchyma. This ‘‘regeneration” is in contrast to the formation 
of the plantlets produced along the leaf margins or at leaf or petiole bases 
in species of Kalanchoe, which are the result of the activity of a residual 
primary meristem. 

The vascular anatomy of the flowers of a relatively large number of 
species was investigated by Quimby (1971), who placed these taxa in 
four groups based on the number of whorls of traces supplying the 
flowers. The majority of species (37) have four whorls of traces (Group 

III) , while others have six (Group I, the presumed underived condition 
found in species of sect. Telephium), five (Group II), or three (Group 

IV) whorls. Vertical compression of the receptacle has apparently led to 
the reduction in the number of whorls. Additional study of the vascular¬ 
ization of flowers of Sedum pusillum (Sherwin & Wilbur, 1971), con¬ 
ducted to help clarify the generic lines between Sedum and Diamorpha, 
showed that 5. pusillum does not fit into either Group III or Group IV. 
Sherwin & Wilbur suggest that the vascular pattern found in flowers of 
5. pusillum, which Quimby placed in Group III, is perhaps derived from 
the basic Group III pattern. Furthermore, their work indicates that more 
detailed investigations of individual species may show that floral vascular¬ 
ization in Sedum is more complex and variable than outlined by Quimby. 

The carpels of Sedum, each of which is supplied by five vascular 
bundles, have been considered primitive since they are open during on¬ 
togeny, closing only during later development when the margins along the 
adaxial sutures are only slightly fused, and the marginal epidermal layers 
remain distinct (Eames, 1931). Henslow (1891) reported that the ventral 
carpel traces in Sedum Telephium are not inverted (a condition encountered 
in Silene and Dianthus [Caryophyllaceae] and in some species of Rhodo¬ 
dendron subg. Anthodendron [Ericaceae]), but Subramanyam (1955) de¬ 
tected only inverted traces in species he examined. Relatively few 
investigations of the general vegetative anatomy of Sedum have been 
undertaken; see the works of Solereder (1899) and Metcalfe & Chalk 
(1950) for some details and references to most studies, as well as the 
more recent papers by Piaget (1966) and Jensen (1968). 

Aspects of megasporogenesis and embryology of Sedum coincide with 
the general pattern given for the family with only a few significant ex¬ 
ceptions. In S. Telephium subsp. fabaria (W. J. D. Koch) Kirschleger 
and S. populijolia Pallas {Hylotelephium populijolium (Pallas) H. Ohba), 
a subshrub from eastern Asia, an Allium-type megagametophyte has been 
reported to develop from the chalazal dyad cell, while in other investigated 
species a monosporic Polygonum-type is produced. Endosperm formation 
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is ab initio Cellular and a chalazal haustorium is developed, but Sub- 
ramanyam (1963) found that in S. ternatuin the haustorium remains 


1-nucleate. Scdum tcrnatnni is also distinguished by the presence of apical 
“cai)s” on the hooked synergids, structures that have been reported else¬ 
where only for II cli ant he mum vulgarc (Cistaceae) and species of Ribes 
(Saxifragaceae or Gro.ssulariaceae). See Subramanyam’s articles ( 1955, 
1963) for additional details and information al)out microsporogenesis. 

Pollen of some European species of Scdum has recently been examined 
by 't Hart ( 1974), who found the grains to be 3- or rarely 2- or 4-zono- 
colporate. The sexine a, a tectum, is ornamented with short striae in a 
rugulate jiattern, and. although considerable variation in morphology 
was evident, ’t Hart concluded that the range of variation encountered 
within a single taxon, and occasionally within a single sample, equaled 
that found during the survey. All of the species examined (including one 
miscellaneous American species) belong to one variable pollen type and 
form a continuous moridiological series that can only arbitrarily be diyided 
into subtypes. Howeyer. "t Hart yentures to assert that within the 


Rupcstria series species with low base chromosome numbers haye relatively 
underived pollen .subty]')es. while those sjDecies with higher base numbers 
exhibit derived pollen subtypes. This correlation was not evident in the 
Sedum acre group, suggesting le.ss phylogenetic unity within that taxon. 

Determination of the generic relationships of Scdum is dependent, in 
large measure, on the delimitation of the genus and the .several groups 
that have variously been either .segregated from or included within the 
genus. At one extreme, as Moran (1942) points out, Kuntze (1898) 
concluded ‘b . . that all the species of the Crassulaceae with free carpels, 
i.e., practically the entire family, were best placed in the one genus Scdum.” 
Conversely, there has been a continued tendency on the part of authors of 
floristic works (culminating in the treatments of Britton tS; Rose, 1903, 
1905) to accord generic status to small groups or single species that 
within a local area api^ear distinct. In other instances, species or groups 
of species once includerl within Scdum have been removed and merged 
with other genera as warranted by careful analyses of relationshiixs (e.g.. 
Hasseanthus Rose, a segregate of Sedum, is now treated as a subgenus of 
Dudleya Britton & Rose, a member of subfam. Echeverioideae Berger). 

In particular, sect. Rhodiola is often recognized as a distinct genus, 
especially when the sj^ecies of that section with which fioristic workers 
are concerned have four-merous, imjierfect flowers. Scdum rhodanthum 
of the Rocky Mountains (its flowers five-merous and jierfect), like several 
of the Asiatic species, clearly belongs to the section as emended by ITaeger, 
and it is transitional to .species in other sections of the genus. However, 
despite the obvious similarities, S. rhodanthum was removed to the mono- 
tyi')ic genus Clemcntsia l)y Rose (in Britton & Rose, 1903) in an attempt 
to create greater unity within sect. Rhodiola, which Britton and Rose 
also treated as a genus. Similarly, .species of sect. Telephium, some of 
which are transitional to .sect. Sedum, have been transferred to the segregate 
genus Telephium Hill, not L., or to Anacampseros P. Miller, and Ohba 
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has recently placed these species in the new genus Ilylotelcphium. In our 

area, in addition to recognizing Diarnorpha, Britton and Rose also segre- 

/ _ 

gated 5'. pusillum, placing it in the monotypic genus Tctrorum Rose 
because of its annual duration and its four-merous flowers. 

Certainly some of the problems of delimiting acceptable genera are due 
to the fact that affinities within the entire family appear to be inter¬ 
linear as well as linear (Baldwin. 1939). Nonetheless, it is apparent that 
in the New World the closest affinities of Seduni are largely with genera 
of subfams. Sedoideae and Echeverioideae. Most of the closely allied 
genera of the Sedoideae share the characteristic terminal flowering stems 
and flowers with free, spreading petals, while genera of subfam. Eche¬ 
verioideae are usually characterized by lateral flowering stems and by 
flowers with basally connate, erect or spreading petals. Scdastyuni Rose 
(Sedum sect. Sedastmm (Rose) Berger) is distinguished from Sedum 
by its persistent, rosulate basal leaves and its flowers with enlarged 
nectaries and white petals, while Parvisedum R. T. Clausen (Scdella 
Britton & Rose, not Fourreau; Sedum sect. Sedella (Britton & Rose) 

7 * 

Berger), a small genus of four annual species of the California mountains, 
is characterized by its carpels with solitary ovules. Diarnorpha differs 
from Sedum in several significant respects discussed elsewhere, but the 
contrasts between Villadia Rose (including Altamiranoa Rose) are less 
concrete. Consisting of about 45 species of Mexico, Central America, and 
the Andes of South America, species of Villadia produce terminal in¬ 
florescences, and in the last analysis the genus is separated from Sedum 
only on the basis of the degree of basal connation of the petals (Moran, 
1971). Lenophyllum Rose, a small genus of about five species restricted 
to the Gulf Coastal Plain of southern Texas and Mexico, is characterized 
by opposite leaves and flowers arranged in terminal racemose or spicate 
cymes. In habit the species of Lenophyllum resemble species of Echeveria 
DC. (ca. 143 species ranging from Texas to the Andes of South America), 
but Ehl & ]\Ioran (1953) suggest that Lenophyllum. which was once placed 
in subfam. Echeverioideae, is best removed to subfam. Sedoideae. Clausen 
(1975) contends that the genus was probably derived from the same 
phyletic line that gave rise to Villadia, Echeveria, and Pachyphylum. 

While the relationships of the several genera of subfam. Echeverioideae 
are taxonomically complex and cytologically diverse and complicated 
(Uhl & Moran, 1953). it would appear that Echeveria is closely allied to 
Sedum. Walther (1936, 1972) speculates that Echeveria was derived 
from species not unlike certain subshrubby species of Sedum belonging 
to sects. Pachysedum Berger and Dendrosedum Berger, which are 
endemic to iMexico (the center of diversity of Echeveria) and share the 
characteristic lateral flowering stems of subfam. Echeverioideae.’" Although 
hvbrids between species of Echeveria and Sedum sects. P.aciiysedum and 

■’ Walther employs the name Seduni sect. Bergerosedurn Walther to refer to those 
species of the two sections mentioned above; some of these species were also treated 
by Rose as comprising the segregate genera Crcmnophila and Corynephylliim. The 
sectional name, however, was nomenclaturally superfluous when published. In ad- 
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Dendrosedum have been produced (Walther, 1953; Uhl, 1966, 1967, 

1970: one placed in the hybrid .sjenus X Scdcvcria Walther), this evidence 

of close relationship loses some of its potential sipjnificance due to the 

numerous intergeneric hybrids produced between Sedum and other genera 

of subfam. Echeverioideae (Uhl, 1966; Uhl & Moran, 1973; Knobloch, 
1972). 

L^hl & IMoran (1973), considering the cytological evidence, indicate 
that many ^Mexican species of ScduDi (where .v = 29—36) belong to a 
comparium that includes, in addition to Echcvcria (where .v — 27-34), spe¬ 
cies of Pachyphylum Link. Klotz.sch, tS; Otto, .v = 31-33 (12 species of 
Mexico distinguished by j^airs of scales on the adaxial surfaces of the 
petals), Tho))ipso}ieUa Britton & Rose {Echevo'ia sect. Thompsoriclla 
(Britton & Rose) Berger) (two species of south-central Mexico with the 


in intergeneric 


dowers arranged in a ]:»anicle or thyrse and with red lines on the adaxial 
surfaces of the petals), and Graptopctalum Rose {Byrnesia Rose; Sedum 
sect. Graptopctalum (Rose) Berger: E.chevcria sect. Graptopctalum (Rose) 
Kearny & Peebles). ;v = 30-35 (11 species of Arizona and IMexico with 
red dots, often in transv'erse bands, on the adaxial surfaces of the petals). 
Uhl & Moran (1973, p. 655) state that the chromosomes of these taxa 
‘‘. . . apparently have considerable homology for one another, as shown 
by their ability to pair, often more or less normally, 

hybrids. \ ety likely it was from an ancestral plexus with such (base 

chromosome I numbers, in the more primitive genus Sedum. that the other 
four genera were derived.'’ 

Plants of Sedum Tclcphhim and other species are occasionally used as 
greens in salads, and Uphof (1968) reports that the Eskimos of Alaska 
eat the leaves of S. Rosea fresh, soured, or in oil. Sedum acre has ap¬ 
parently been used as a laxative, while the juice from plants of the 
Alexican and Guatemalan 3'. dendroidcum Moq. & Se.sse is astringent and 
has been used to harden gums and to treat chilblains and dysentery. The 
juice of this species has also been reported by Palarea (1954, as 5. 

>}i A. DC.) to cure opacities of the lens and cornea in humans. 



In addition, v'^arious medicinal uses have been reported for 5. Rosea, and 
numerous studies of the chemical and physiological effects of this species 
have been conducted, primarily by Russian investigators: see Clausen 
(1975) for an extensive list of Ru.ssian references. 
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Y Revision of Sedum 




. The ta.xonomy and c\’tology ol the subgenus Gormonia of 
Sedum. Aladroho 7: 161-180. pi. 22. 1944. 

D.wies, E. \\. C\ t*^logy. e\ olution and origin ot the aneuploid series in the 


genus Carex. Hereditas 42: 349-365. 1956. 


Desc H.\i RES, R. Recheiches sur la phcdlotaxie du genre Sedum. Re\'uc Gen 
Bot. 61: 501-570. 1954. 

E.\.mes, .a. J. Ihe vascular anatomy of the llower with refutation of the theory 

of carpel polymorphism. Am. Jour. Bot. 18: 147-188. 1931 \Sedum 
p. 156.J 

Ev.a.vs, R. L. .a gardener's guide to sedums. 44 pp. .Alpine Card. Soc. Guide, 
n.d. (1971). 

Fek.n'.ald, M. L. Sedum Rosea, not A. roseum. Rhodora 49: 79-81. 1947. [The 
specilic epithet Rosea is an old generic name.] 

Free.m.4.\, 0. M. Notes on the flora ot Polk County, North Carolina. Castanea 


20: 37-57. 1955. [Records Sedum sarmenlosum 
outcrops in Green River Cove. 


as established on stone 


FRouERSTKii.M, H. Etude des crassulacees de Chine septentrionale provenant des 
recoltes du Pere Licent. Bull. AIus. Hist. Nat. Paris II. 1 : 440-443. 1929. 
The genus Sedum L., a systematic essay. Part I. Acta Horti Gothob. 


5(appendix): 1-75. ph. 1-2S. 1930; Part 11. Ibid. 6(appendix): 1-1 lU 

pis. 1-65. 1931; Part HI. Ibid. 7( aiipendix ): 1-126. pis. 1-6S. 1932; 

Part lY Ibid. 10( appendix): 1-262. pis. 1-115. 1935. [Correction. 

Sv. Bot. Tidskr. .50: 216. 1936. ; 

Fi xke, G. L. ()b.scrvations on the (lowering photoperiodicity. Rec. Trav. Bot. 
Neerl. 40: 302-412. ( 1943-1945 » 1946. [Yy////;e 399-401., 

Gl-.\th.4RT. a. Beitrage zur Bluthenbiologie der Cruciferen, c'rassulaccen und 

4- 97 pp. pis. 1-11. 

1902. [Contains information concerning Sedum and Sempervivum.'] 

H.amet, R. Re\ision des Sedum du Caucase. Trav. Jard Bot Titlis 8- 1-37 

1903. 

Contribution a I'etude phytograpbique du genre Sedum. Candollea 4: 


der Gattung Saxifram. Bibliot. Bot. 11 (Heft 58): ix 


1-52. 1929-1931. 

H.\.\s 1-\c.. E. D.. L. E. Loxglev. L. S.-wdo, & R. B. H. 4 r\'ey. Hardiness tests of 

some jierennial sedums. Proc. Am. Soc. Hort. Sci. 33: 686-689. 1936. 

Hara, H. Contributions to the study ot variations in the Japanese plants closely 

related to those ol Euroj^e or North .America. I. Jour. Fac. Sci. Univ. 

Tokyo Bot. 6: 29-96. 1952. [Information concerning the Sedum Telephium 
group and Tillaea. 62-64. 

Hart, H. t. Cytological and morphological variation in Sedum acre L. in 
western Europe. Acta Bot. Neerl. 20: 282-290. 1971. [Sedum acre, 
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40. 60. 80. 100. and 120.] 
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_ Chromosome numbers in the series Rupestria Berger of the genus 

Sedum L. Ibid. 21: 428-435. 1972. 

_. The pollen morphology of 24 European species of the genus bedum L. 

Pollen Spores 16: 373-387. 1974. 

_ ^ T. C. Wrigley, eds. Sedums. Some observations on the genus. 38 

pp. Morden. 1971.* , , . . 

He.nslow, G. On the vascular systems of floral organs, and their importance 

in the morphology of flowers. Jour. Linn. Soc. Bot. 28. 151—197. pis. 23 J... 

1891. [Floral anatomy of Sedum Telephiiun, 180.] 

Hollingshead, L. Chromosome studies in Sedum. subgenus Gonnania. section 

Eu^onuafiia. Bull. Torrey Bot. Club 69: 41—43. 1942. 

Hooker. J. D. Sedum pulchellum. Bot. Mag. 102: t. 6223. 1876. 

_ T. Thomson. Praecursores ad floram Indicam: being sketches of the 

natural families of Indian plants, with remarks on their distribution, struc¬ 
ture. and affinities. Jour. Linn. Soc. Bot. 2: 1-103. 1858. [Crassulaceae, 
89-103; includes notes on Sedum. particularly sect. Rhodiola.^^ 

Huber. J. A. Zur Systematik der Gattung L. liS pp. + map. Landshut. 


1929. 


Die Gattung Sedum L. in ihren Beziehungen zu den iibrigen Gattungen 
der Crassulaceae. Sukkulentenkunde 6: 40-42. 1937. 

Hulten, E. Flora of .Alaska and Yukon. V. Acta Univ. Lund. H. Afd. 2. 
41(1): 797-978. 1945. [Sedum. 895-899, maps 691-693. p. 974, including 


a discussion of 5. Rosea.^ 

The amphi-Atlantic plants and their phytogeographic connections. 


Sv. 


Vet.-akad. Handl. IV. 7(1): 1-340. fold-out map. 1958. [Sedum Rosea, 

including var. roanensis, 52, maps 33. 34; S. acre. 106, map 57.] 

Flora of Alaska and neighboring territories: a manual of ffie vascular 


plants, xxii 4- 1008 pp. 5 pis. Stanford. 1968. [Includes distribution map 

for Sedum Rosea. 561. as well as photograph in color.] 

Humphries, E. C., & J. M. Thurston. Bulbil formation in Sedum Telephmm. 

Nature 183: 1343, 1344. 1959. 

Hylander. N. Nomenklatorische und systematische Studien fiber nordische 
Gefasspflanzen. Uppsala Univ. Arsskr. 1945(7): 1-337. 1943. [Discussion 


190-192 


Jalas, j. Populationsstudien an Sedum Telephium in Finnland. Ann. Bot. Soc. 
Fenn. ‘Vanamo’ 26(3): 1-47. 1954. 

& M. T. Ronkko. A contribution to the cytotaxonomy of the bedum 


Telephium group. Arch. Soc. Zool. Bot. Fenn. ‘Vanamo’ 14: 112-116. 1960. 
Knobloch. I. W. Intergeneric hybridization in flowering plants. Taxon 21: 97- 
103. 1972. [Lists hybridization of Sedum with Echeveria, Graptopetalum, 

and Villadia.] , . 

Lebegue. a. Embryologie des Crassulacees. Developpcment de 1 embryon chez 

le Sedum dasyphyllum L. Compt. Rend. Acad. Sci. Paris 246: 1265-1268. 


1958. 


Levan, A. Uber das Geschlechtschromosom in Sedum Rhodiola DC. Bot. Not. 
1933: 195-197. 1933. [2n — 22; staminate plants reported to have hetero- 

morphic “sex" chromosomes.] 

Love, A.. D. Love. & B. M. Kapoor. Cytotaxonomy of a century of Rocky 
Mountain orophytes. Arctic Alpine Res. 3: 139-165. 1971. [Discussion of 
Rhodiola integrifolia Raf. (Sedum Rosea subsp. integrifolium (Raf.) Hul¬ 
ten), 2n = 36; 5. Rosea- 'and the status of the Asiatic R. atropurpurea 

(Turcz.) Trautv. & Mey., p. 150.] 
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Marion, L. The alkaloids of Seduni acre L. Canad. Jour. Res. B. 23: 165, 166. 
1945.* 


M ASTERS, M. T. Hardy stonecrops: sedums. Card. Chron. 1878: 266-268, 302, 

303, 336, 337. 376, 463, 590, 591, 626, 658, 684, 685, 716, 717, 750, 751, 
784 (index of names'). 1878. 

McCormick, J. F., & W. N. Rushing. Differential radiation sensitivities of 
races of Scdum pulc/iellum Michx.; a useful method of plant identification. 
Radiation Bot. 4: 247-251. 1964. 


, L. Crosthwaite, C. Damon, W. Egan, J. Findley, V, A. Hicks, R, 
Leonard, & W. H. Rittexhouse. Niche differentiation between two closely 

related species. (Abstr.) ASB Bull. 14: 33. 1967. [,S. pusdlum and 

Diamorpl/a Smallii.] 



20-2 


-AN. R. Scdum in Baja California. 

[Records Sedum alamosanum and S. niveum from this region.] 


1969. 


^1lrd\, \\. H. Plant speciation associated wdth granite outcrop communities 

of the southeastern Piedmont. Rhodora 70: 394-407. 1968. S^Sedum 

pusillum and Diamorplia SviaUii fas S. Smallii), 399-401; includes distribu¬ 
tion maps.' 


Ohba, H. On the genus in Burma. Jour. Jap. Bot. 50: 353-361. 1975. 

. A revision of the eastern Himalayan species of the subgenus Rhodiola 
of the genus Sedum (Crassulaceae). Pp. 283-362, pis. 10, 11 in H. Ohashi, 
FI. East. Himalaya. 3rd Rep. Univ. Tokyo Mus. Bull. No. 8. xv + 458 
pp. pis. 1-33. 1975. 


-. The Philippine species of Sedum (Crassulaceae). Jour. Jap. Bot. 52: 

321-325. 1977. 

. The taxonomic status of Sedum Telephium and its allied species 
(Crassulaceae). Bot. Mag. Tokyo 90: 41—56. 1977. [HylotelepJiium. gen. 
no\., includes Sedum telephioides as H. telepJiioides (Michaux) H. Ohba.] 
Palarea, E. R, a nonsurgical treatment of opacities of the lens and of the 

cornea. C)hio Jour. Sci. 54: 114-116. 1954. [Use of Sedum praealtum 

as a curative for cataracts and nebulae.] 

Placet, J, Observations sur le mode d’insertion et la chute des rameaux sec- 

ondaires chez les Sedum. Candollea 21: 137-239. 1966. 

Praeger, R. L. On the affinities of Sedum Praegerianum W. W. Sm., with a 

tentative classification of the Section Rhodiola. Trans. Bot. Soc. Edinburgh 
17: 107-119. pis. 2-4. 1917. 

--. Notes on Sedum. Jour. Bot. 55: 211-215. 1917. [Discussion of S. 

Nevii and S. Beyrichianum.'] 

-An account of the genus Sedum as found in cultivation. Jour. Royal 

Hort. Soc. 46: 1-314. 1921. [Includes many helpful line drawings.] 

Proner, M. Sur la presence de I'heptose dans quelques especes d’orpin {Sedum 
L. ). Bull. Sci. Pharm. 43: 7-14. 1936.* 

Radulescl', D. CercetSri palinologice referitoare la speciile de Crassulaceae 
spontane in R. P. R. (In Rumanian; French summary.) Acta Bot. Horti 
Bucuresti 1961-1962(1): 423-433. 1963. [Pollen morphology of Rumanian 
species of Sedum and Sempervivum.~\ 

Rydberg, P. A. Sedum ternatum: American white stonecrop. Addisonia 13- 21 
22. pi. 427. 1928. ’ ’ 

Saratikov, a. S., E. a. Krasnov, L. A. Khnykina, & L. M. Dubidzon. Isola¬ 
tion and study of individual biologically active substances of Rhodiola 

Rosea and R. quadrifida. (In Russian.) Izv. Sibersk. Otd. Akad. Nauk 
SSSR. Ser. Biol.-Med. Nauk 5: 54-60. 1967.* 
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Sharp, A. J., R. E. Shanks, H. L. Sherman, & D. H. Norris. A preliminary 
checklist of the dicots of Tennessee. 114 pp. Nashville. 1960. [Records 
Seduni Telephium as persisting after cultivation in Knox and Sevier 

counties.] 

Sherwin, P. a., & R. L. Wilbur. The contributions of floral anatomy to the 
generic placement of Diainovphci Smcillii and Scdutn pusdlutn. Jour. Elisha 

Mitchell Sci. Soc. 87: 103-114. 1971. 

Smith, H. E. Polyploidy in Sedum pnlchelluni— ll. Stomatal size and fre¬ 
quency. Bull. Torrey Bot. Club 70: 261—264. 1943. 

-. Sedum pidchelhim: a physiological and morphological comparison of 

diploid, tetraploid, and hexaploid races. Ibid. 73: 495-541. 1946. 

SoEDA, T. A cytological study on the genus Sedum, with remarks on the 
chromosome numbers of some related plants. Jour. Fac. Sci. Hokkaido 

Univ. Bot. 5: 221-231. 1944. 

Sokolovskaya, A. P., & 0. S. Strelkova. Geographical distribution of the 
polyploid species of plants in the Eurasiatic Arctic. (In Russian, English 
summary.) Bot. Zhur. 45: 369—381. 1960. [Sedum Rosea, 2n — 18.] 
SouEGES, R. Developpement de I’embryon chez le Sedum acre L. Bull. Soc. 
Bot.’ France 74: 234-251. 1927. [See also Compt. Rend. Acad. Sci. Paris 

181: 521, 522. 1925.] 

- Modifications au tableau recapitulatif des lois de developpement chez 

Sedum acre L. Le type embryonomique de cette espece chez les autres 

Crassulacees. Ibid. 83: 13-18. 1936. 

Sprague. T. A. Sedum Rosea. Jour. Bot. 77: 126. 1939. [Notes on the specific 
epithet Rosea.^ 

Steyermark, j. a. Rediscovering Sedum pulchellum at its northeastern limit. 
Rhodora 44: 73-76. 1942. [Distribution in Missouri and elsewhere in 

eastern North America.] 

Strasburger, E. Ein Beitrag zur Entwicklungsgeschichte der Spaltoffnungen. 

Jahrb. Wiss. Bot. 5: 297-342. pis. 35-42. 1866-1867. 

Subramanyam, K. Morphological studies of some species of Sedum. I. Floral 

anatomy. Am. Jour. Bot. 42: 850-855. 1955. 

_ Embrvology of Sedum ternatum Michx. Jour. Indian Bot. Soc. 

42A(Maheshwari Commemoration Volume): 259-275. 1963. 

Tolbert, N. E., & L. P. Zill. Isolation of carbon-14-labeled sedoheptulose and 
other products from Sedum spectabile. PI. Physiol. 29: 288-292. 1954. 

Uhl, C. H. Heteroploidy in Sedum Rosea (L.) Scop. Evolution 6: 81-86. 

1952. 

-. Chromosomes of Sedum in the western United States. (Abstr.) Am. 

Jour. Bot. 49: 664. 1962. 

__ Chromosomes of Sedum cremnophila, Echeveria linguaefolia, and their 

hybrids (Crassulaceae). (Abstr.) Am. Jour. Bot. 54: 641. 1967. 

_, Heteroploidy in Sedum glaucophyllum. Rhodora 72: 460-479. 1970 

[1971]. 

__ Intraspecific variation in chromosomes of Sedum in the southwestern 

United States. Rhodora 74: 301-320. 1972. 

-. Chromosomes of Mexican Sedum. (Abstr.) Am. Jour. Bot. 61(5, 

suppl.): 51. 1974. 

_ Cytogeography of Sedum lanceolatum and its relatives. Rhodora 79: 

95-114. 1977. 
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- & R. Moran. Chromosomes of Crassulaceae from Japan and South 

Korea. Cytologia 37: 59-Sl. 1972. [Includes chromosome data for Sediwi, 
Meterostac/iys. and Orostachys.] 

Wai.ther, E. Notes on Sedum. Cactus Succul. Jour. 2: 455-457. 1931. [Estab¬ 
lishment of Sedum sect. Bergerosedum.] 

-. Scdeveria. a new bigeneric hybrid. Ibid. 25: 20. 21. 1953. 

Webb. D. A. What is the type of Sedum Telephium L.? Feddes Repert. Sp. 
Nov. 64: 18. 19. 1961. [The combination proposed by W’ebb, viz. Sedum 
Telephium subsp. Telephium var. purpurascens (K. Koch) D. A. W’ebb, is 

superfluous, since the purple-flowered v'ariety of the type subspecies of 
•S’. Telephium is var. purpiireum L.] 

'• Sedum and Rhodiola. In-. T. G. Tutin, T. H. Heywood, et al.. eds., 
FI. Europea 1: 356-364. 1964. 

Wherry, E. T. The sedums of the eastern United States. Card. Chron. Am. 
38: 264-266. 1934. 

-. The ranges of our eastern parnassias and sedums. Bartonia 17: 17-20 

1936. 


W lENS, D., & D. K. Halleck. Chromosome numbers in Rocky Mountain plants. 
1. Bot. Not. 115: 455—464. 1962. \Sedu'm Rosea, n = 16; S. rhodanthum 


n 


/ . 


Woodward. F. I. The climatic control of the altitudinal distribution of Sedum 
Rosea (L.) Scop, and S. Telephium L.. 2. The analvsis of plant growth in 
controlled environments. New Phytol. 74: 335-348. 1975. 

C. D. PiGOTT. The climatic control of altitudinal distribution of 


Sedum Rosea (L.) Scop, and 5. Telephium L.. 1. Field obsercaUions. Ibid. 


^ O ^ 0 0 4 


Yarbrougii. J. a. Regeneration in the foliage leaf of Sedum. Am. Jour Bot 
23: 303-307. 1936. 

Zardi.ni, E. M. Las esj'>ecies del genero Sedum fCrassulaceae) espontaneas en 
la Republica Argentina. Bol. Soc. Argent. Bot. 14: 95-106. 1971. 



HUKOVA, P. G. The caryological characterization of some plants of the 
Chukotsk Peninsula. (In Russian.) Bot. Zhur. 50: 1001-1004. 1965. 

[Reports 2n - 18 for Rhodiola atropurpureum (Turcz.) Trautv. & Mey. 
(= Sedum Rosea subsp. integrifolium sensu Hulten).] 


2. Diamorpha Nuttall, Gen. N. Am. PI. 1: 293. 1818. 

Diminutive, characteristically red-pigmented winter annuals from slen¬ 
der primary roots and well-developed, iJbrous secondary roots; plants 
developing ill-defined, over-wintering basal rosettes in fall, the erect or 
ascending, branched or unbranched stems developing in spring. Leaves 
alternate, sessile, cylindric-ovoid or cylindric-oblong, succulent, with entire 
margins and rounded apices (often appearing acute when dried). Flowers 
perfect, on short, distally thickened pedicels, arranged in leafy, compound 
cymose inflorescences or variously reduced to a simple dichasium or a 
single terminal Power. Sepals 4. very small, deltoid or deltoid-linear, per¬ 
sistent in fruit. Petals 4, alternate with the sepals, white or pinkish, strongly 
cucullate, the 4 opposite anthers held in small distal pockets until late in 
anthesis. Stamens 8, obdiplostemonous; filaments tapering gradually to 
the basifixed. reddish anthers. Gynoecium of 4 (rarely 5) caqDels: carpels 
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united basally for ca. 1/3 their length, free above, each constricted into a 
short, beaklike style, the styles terminated by small capitate stigmas, ap¬ 
parently shriveling after pollination; ovary superior. 4- (rarely 5-) locular 
in the syncarpous region, each carpel 1-locular in the apocarpous region; 
ovules numerous on axile placentae below, pendulous on marginal placentae 
above. Carpels divergent, becoming obliquely oriented in fruit, producing a 
4- (or 5-) beaked follicetum, each follicle dehiscing extrorsely by a tear¬ 
shaped, flaplike valve. Seeds several in each follicle, small, pyriform; seed 
coat reddish brown, finelv granulate-striate; embryo large, with rounded 
cotyledons. Base chromosome number 9. Type species; D. pusilla sensu 
Xutt. non iVIichaux — D. Suiallii Britton (cf. Wilbur. 1977). (Name from 


Greek, di, two, and morphe, form or shape, possibly in reference to the 
initial confusion of the type species with Tillaca or. more likely. Sedurn 

; Baldwin (1940) interpreted the name as signifying ‘'deformed 

or contrary formed.”) — Elf-orpine. 



An arresting monotypic genus endemic to the southeastern Lnited States 
in North and South Carolina, Georgia. Alabama, and southeastern Ten¬ 
nessee. Growing in dense, usually pure populations in the shallow, humus- 
free soils of depression pits on exposed rock surfaces. Diainorpha Smallii 
Britton {Tillaea ? cymosa Nutt., Diainorpha cyinosa (Nutt.) Britton ex 
Small, D. pusilla (Michaux) Nutt., Sedurn cyntosum (Nutt.) Frod., S. 
cyinosuni var. Smallii (Britton) Frod.. S. Smallii (Britton) Ahles), 2n — 
18, is a conspicuous and consistent member of the vernal flora of granitic 
flat-rock communities of the upper and lower Piedmont of the Carolinas, 
Georgia, and eastern Alabama (iMcVaugh, 1943). Not totally restricted 
to granitic rock, D. Smallii also occurs in similar situations on sandstone 
outcrops and on sandy flats in Georgia, on the Cumberland Plateau of 
southeastern Tennessee, and in the mountainous regions of northeastern and 

central Alabama. 

When Diainorpha Smallii was first discovered, apparently at Flat Rock, 
north of Camden. South Carolina, the type locality of Sedurn pusillum 
iNIichaux, Nuttall confused plants of the two taxa, and. although the initial 
confusion was later clarified by Asa Gray (1876), the nomenclature of 
Diainorpha has been troublesome and further complicated by controversy 
over the acceptance of Diainorpha as a genus distinct from Sedurn. As¬ 
pects of nomenclature have been clarified only recently by Wilbur (1964, 
1977). who has applied the correct specific epithet. Smallii, to the single 
species. The name Diainorpha Smallii was originally proposed by Britton 
for a reputed second species (treated as a variety by Froderstrom. 1935) 
based on immature plants that do not differ from other plants of Diarnor- 
pha of an equal developmental stage. See W^ilbur s papers for the rationale 
behind the adoption of Britton’s epithet, as well as for historical and other 

nomenclatural details. 

The controversy over the distinctness of Diamorpha as a genus has 
undoubtedly stemmed from the overall morphological resemblance of D. 
Smallii and Sedurn pusillum., as well as from their almost identical distri- 
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bution and close ecolo,o;ical association. Aloreover. McCormick (in 
McCormick & Platt. 1964) reported natural and artificial hybrids between 
Diamorpha and Seduni (presumably 6'. pusilluin). but such hybrids have 
not been documented (cf. Sherwin & Wilbur, 1971). 

Diamorpha has several distinctive moiphological features, anatomical 
differences, and a chromosome number uncommon in Scdum, all of which 
substantiate .generic status. Dianiorpha is unique in the dehiscence of its 
follicles by flaplike aba.xial valves (Figure 2, e), a type not found else¬ 
where in the Crassulaceae. The absence, except duriny developmental 
sta.ijes, of an adaxial suture line on the carpels and the coherence of the 
carpels at the base for about one-third their length further .separate Diaoior- 
pha from Scduin in general, while its cucullate petals, its tloral vasculari¬ 
zation pattern (Sherwin cS; ^^’ilbur, 1971), its usually deeper red pigmenta¬ 
tion, and its different ecological niche separate D. Smal/ii from S. pusillum 
in particular. 


xAs a winter annual rarely more than 10 cm. tall. Diamorpha Smallii 
has attracted the attention of several investigators (]McCranie, AlcVaugh, 
Wiggs & Platt. IMcCormick & Platt, McCormick et al.. Sharitz, Baskin & 
Baskin, and Sharitz & McCormick) who have studied its life cvcle and 
aspects of its ecology under both field and laboratory conditions to de¬ 
termine its specific adaptations to its unique habitat. As a result, Diamor¬ 
pha is one of the biologically better-known taxa in the southeastern flora. 

Seeds of Diamorpha germinate during late October and early November, 
a period of autumn rains and warm daytime temperatures (ca. 20° C.). 



Figure 2. Diamorpha. a-g, D. Smallii: a, habit of flowering plant, X IC; 
b. flower, X S: c, longitudinal section through immature follicles (note nectaries 
at base of staminal filaments) showing pendulous ovules, X 10; d. cross section 
through four carpels of gynoecium in basal, syncarpous region, X 10; e, dehisced 
follicles, X 6; f, seed, X 30; g, embryo, X 25. 
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Although germination occurs readily under these conditions, seedling es¬ 
tablishment is dependent on extensive secondary root development that, 
in turn, requires a substrate pH in the narrow range of 4.5 to 5. Durmg 
establishment, plants can tolerate three or four weeks of total inundation 
or two to three weeks of desiccation before dying. If established, the plants 
assume a compact, rosette-like form, develop their characteiistic deep led 
pigmentation, and become semidormant, with little further vegetative 
growth. Resistant to frost, the plants resume growth and initiate flower- 
bud primordia during late February. Branching and height of plants are 
determined at this time and are correlated with soil factors and competition, 
the latter of which is in turn related to population density. The inflo- 
re.scences expand during ]\Iarch, and, depending upon locality, an thesis 
begins during late ^March and early April, reaching its peak toward the 

middle of April. 

Details of the pollination ecology and breeding system have not been 
studied in great detail, but it has been noted that the four anthers opposite 
the sepals dehisce at the onset of an thesis, while the remaining four, which 
are held by the four petals, have a retarded dehiscence, shedding pollen 
toward the end of flowering. Bees and other unidentified insects have been 


ture 


observed visiting the flowers, and cross-pollination is to be expected. 

Death of plants within a population begins by the middle of April, and 
by the middle of Hay most of them are dead. According to Wilbur, seed 
release from the mature follicles occurs by late spring and early summer, 
an observation contrary to Wiggs & Platt s finding that follicle dehiscence 
does not occur until late summer or fall, “until the continued action of mois- 

. . causes dehiscence, “a process requiring 2-5 months.” Accord- 
ins to WisRS & Platt, retention of the seeds in the follicles above the out- 
crop surface over summer, during which time the seeds after-ripen, is an 
adaptive mechanism that protects the seeds from exposure to the high 

summer temperatures of the outcrop surfaces. 

Observations of a series of populations of Diamorpha both in the field 

and in transplant studies on a simulated outcrop led ^McCormick & Platt 
to conclude that Diamorpha is undergoing ecotypic variation,’’ inasmuch 
as clinal phonological variation on a northeast to southwest gradient was 
detected and physiological differences between populations, related pri- 
marilv to moisture gradients, were found. They summarized their findings 
and those of other investigators, saying that Diamorpha “has become 
adapted to the rigorous outcrop environment, both through drought evasion 
and drought tolerance. All stages of the life-cycle e.xpress unusual toler¬ 
ances to extremely low or high moisture levels, and the entire life-cycle is 
adapted to make maximum use of favorable intensities and durations of 
moisture and to avoid periods of low moisture and high temperature. 

The relationships of Diamorpha would appear at first glance to be with 
annual species of Sedum, yet certain evidence does not support this hypoth¬ 
esis. Frbderstrom (1935) allied Diamorpha (as Sedum cymosum) with 5. 
pusillum, 2n = 8, and 5. Nuttallianum Raf., 2n = 10, in his group 8, 
Epeteium americanum, and suggested affinities of this group with annual 
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European and Asiatic species. Baldwin (1940), like Berger (1930), main¬ 
tained the generic status of Didinorphci and ju'oposed that the genus might 
represent ‘'amphidiploid results of fusion between rei)resentatives of the 
4- and S-chromosome tendencies” found within annual species of Scdujji. 

However, Baldwin also suggested the possibilities of affinities with Til/aca 
of subfam. Crassuloideae. 


1 he anatomical studies of floral vascularization conducted bv Sherw'in 
& Wilbur (1971) have shown, however, that Froderstrbm s group 8 is 
“highly heterogeneous." The differences between the ta.xa were seen by 
Britton & Rose to be suflicient to place the three species in different genera, 


viz., Diamorpha, Tctrorum (to include 



pusilium), and Scdum. 


The rather enigmatic and apparently isolated jiosition of Dianiorpha within 
the Crassulaceae was recognized by De (Uandolle ( 1828), who established 

the tribe C rassulaceae Anomalae to include Diantorpha and Penthoruui 

L. 


Torrcy & Gray ( 1840) also grouped the.se two genera together in the 
crassulaceous tribe Diamorphae, a tribe maintained by Small (1933) for 
DidmoTphd alone. It is |>robable that Dtdvioyphd and the taxa to which it 
has been allied share superficial resemblances as a result of similar selection 
pressures and represent convergent groups within the Crassulaceae. In a 
family notorious for indistinct generic limits, the distinctiveness of Did- 
morphd is probably indicative of relatively great age. 

Although no local u.ses have been recorded for Dmuiorphd^ the plant 
has been important as a subject of continued biologic investigation. Wb'th 
the current knowledge of its life cycle. Didniorphd SnidUii will undoubtedlv 
continue to be valuable as an easily manipulated e.xperimental plant. 
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Subfam. CRASSULOIDEAE 


3. Crassula Linnaeus, Sp. PL 1; 282. 1753; Gen. PL ed. 5. 136. 1754. 


A diverse, polymorphic genus of diminutive [to large 


prostrate to 


erect, aquatic or semi-aquatic | to xeromorphic], herbaceous [to sub- 
shrubby], branched [or unbranched], mostly succulent annuals, biennials 
[or monocarpic or polycarpic perennials], usually from fibrous roots [or 
occasionally from tuberous rhizomes] , the plants of mosslike aspect, often 
rooting at the nodes. Leaves opposite, small and inconspicuous [or usually 
of moderate size, or rarely lacking and the internodes swollen], sessile 
[to distinctly petiolate], the internodes elongate [or often reduced in 
length and the leaves clustered and subrosulate, variously imbricate, or 
decussate and 4-ranked, the arrangement and shape of the leaves often 
giving the plants a Lycopodiuin-\\k.e or bizarrely geometric appearance], 
the leaf bases often connate and sheathing, the blades usually glabrous 
[or variously pubescent, sometimes with structural ‘^windows” and sub- 
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or crenate or serrulate] margins. 


cuticiilar air bladders |. with entire 
Flowers usuallv small, 3-, 4-, or 5-. rarelv 6-9- merous. solitary lor some- 

** J I 

times clustered I in the axils of leaves or terminal, usuallv arranged in 
terminal or axillary corymbose, thvrsoid, or subumbellate inllorescences, 

m mr ^ “ 

occasionally with bulbils or [dantlets replacing the flowers |. Sepals small, 
gi'cenish, shorter than the petals, i erect [or dared |. often connate at 
base. Petals small, | erect to | spreading, of various shai')es. white | to 


pinkish or sometimes yellowish 


greenish 


or bluish |. usually connate at 


base, [often with a small subapical mucro|. Stamens the same number as 
the |:)etals, insertion hypogynous |or eirijjetalous on the shallow corolla 
tube), opposite the sepals, the filaments subulate to flattened or filiform, 
with ovate to oblong, basitixed anthers |sometimes with conspicuous con- 
nectiv'esI. Gynoecium of 3-5 or rarely more, erect [or divergent], free or 
basally connate carpels, the carpels tapering |gradually] or abruptly to 
short and thick [or long and slender] styles, the stigmas small, terminal 
or sometimes subapical [; ovaries unilocular, with 1, 2. or several to many 
ovules on placentae along the adaxial sutures. Fruits erect [or divergent] 
follicles, often with .short stylar beaks, dehiscent along the adaxial sutures; 
seeds 1 to many, small, the embryo surrounded l)y endosperm. Base chrom¬ 
osome numbers 7, 8. (Including Bulliarda DC.. Hydrophila House. Tillaea 
L.. Tdlacastnou Britton.) Lkctotype spi-cies: C. pcrfoliata L.; see Hitch¬ 
cock, Prop. Brit. Bot. 143. 1929. (Name from Latin, crasstis. thickish, in 
reference to the thick, succulent leaves and stems of many of the species.) 


— Cr.assula. 

A large, polymorphic, and ecologically div^erse genus of nearly 300 
species restricted in distribution, with the excejrtion of members of one 
of the seven sections, to southern Arabia and to sub-Saharan Africa. The 
genus has its center of diversity, both in number of species and in morpho¬ 
logical variation, in southern Africa. Unlike the species of sections re¬ 
stricted to Africa, members of sect. Tiel.aeotde.ae DC. emend. Schonl., 
to which the following discussion is largely limited, are cosmopolitan in 
distribution, occurring on all continents exce[)t Antarctica. They are, 
moreover, the only representatives of the Crassulaceae in .southern South 
.America, New Zealand, and xAustralia. 

In the southeastern I'nited States .sect. Tillaeoideae is represented 
by Crassida aquatica (L.) Schonl. {Tillaea aquatica L., T. simplex Xutt., 
Tdlaeastrum aqiiatieum (L.) Britton. IIydrophila aquatica House. Bulliar¬ 
da aquatica (L.) DC.. Elat me tetrandra Maxim.; including Crassida Drum- 
mondii (Torrey & Gray) Fedde), water pigmy. In — 


— 42, which has a 
documented distribution only in Louisiana. It may also occur in North 

Carolina,'’ and Hulten ( 1958) maps a locality for the species in the pan¬ 
handle of Florida. Elsewhere in North America it occurs along the eastern 


’ One specimen of Crassula aquatica in the Gray Herbarium has been considered 
an M. A. Curtis collection from North Carolina, but the collection data do not 
apjjcar to date from Curtiss time. Radford, Ahles, & Bell (1968) do not report the 
species for the Carolinas. 
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seaboard from Quebec and the Canadian Alaritinie Provinces, southward 
into New England, New York, Delaware, and Maryland, and along the 
Pacific coast in Alaska, Washington, Oregon, and California. Fassett 
(1928, p. 106) suggests that in northeastern North America C. aquatka 
is probably a preglacial relic . which has found estuarine conditions 
favorable for its existence. ’ Inland, it has been collected from scattered, 
disjunct localities in the Canadian Northwest Territories (Mackenzie 
District), and in [Minnesota. Nevada. Utah. Colorado, Wyoming, and 
New Mexico. Beyond North America C. aquatka has a wide, disjunct 

distribution in Asia and northern Europe. 

A minute, glabrous annual or biennial with prostrate and nodally root- 

ing to ascending or erect, usually branched stems, Cyassula aquatka is 
tolerant of both fresh and brackish water. In the Northeast, it is most 
often found growing in estuarine situations or in the mud or wet sand of 
receding pond margins where it often forms mosslike mounds. In northein 
Louisiana, where the species has been found to be relatively common 
(Thomas, 1971), it is usually found growing in the moist depressions of 
animal or vehicle tracks in pastures and old fields. Due to its insignificant 
stature, it is probably often overlooked by collectors, and Thomas has 
classified the species as a “belly-plant.” The small, usually four-merous, 
greenish or white flowers are solitary in the axils of the connate-sheathing 
leaf blades and are borne on short pedicels that usually elongate in fruit. 

The variable pedicel length of flowering plants of Crassula aquatka 
and the tendency for the pedicels to elongate after anthesis have led both 
to confusion between species and to the recognition of a segregate species. 
Plants from Louisiana to [Mexico and from California and W’ashington 


with the pedicels longer than the subtending leaves in fruiting specimens 
have been segregated as C. Drummondii (Torrey & Gray) Fedde {Tillaea 
Drummondii Torrey & Gray, Tillaeastrum Drummondii (Torrey & Gray) 
Britton, Tillaea aquatka var. Drummondii (Torrey & Gray) Jepson), but 
such segregation is artificial when the range of pedical length within 
C. aquatka is considered, and most authors now include C. Drummondii 
within C. aquatka. Other plants from Prince Edward Island with the 
flowers distinctly pedicellate were originally confused with C. Vaillantii 


(Whlld.) Roth, a species of Central Europe and northern Africa. 

WTile there has been confusion about the other species of Crassula sect. 
Tillaeoideae that occur in North America, it appears that only two 
additional ones have been found in the United States. Britton & Rose 
(1905) included two others as occurring in Mexico. Crassula erecta 
(Hooker & Arnott) Berger {Tillaea erecta Hooker & Arnott, C. minima 
Miers), sand pigmy, 2n = ca. 16, ca. 20-25, a species of dry, open loca¬ 
tions, is native from southern Oregon southward, through California and 
Arizona, into Baja California; it also occurs disjunctly in Chile. Crassula 
muscosa (L.) Roth {Tillaea muscosa L.), a European species, has been 
reported from Amador and Calaveras counties, California. It has ap¬ 
parently become naturalized in the Great Valley of California and in an 
area in the southern North Coast Ranges (Clausen, 1975, p. 608). 
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Figure 3. Crassula. a-l. C. aqualica: a. b. two plants. X 3; c, tip of shoot 
with axillary llower, X 6; d. llower, X 25; c. llower with petals and one stamen 
removed (note nectaries at base of carpels), X 25; f, longitudinal section 
through flower, two carpels removed, X 25; g, dower after anthesis, X 25; h, 
cross section through flower after anthesis, X 25; i, immature follicles, X 25; j, 
dehisced follicles. X 20; k, seed. X 50; 1, embryo, X 50. 


The union of Tillaea L. with Crassula has not been universally accepted. 
Authors of many floristic works have retained Tillaea, and some have 
divided Tillaea itself into small genera. Britton (1903), for example, 
established Tillaeastruui for species {C. aquatica) with solitary flowers 
and several-ovuled carpels, retaining Tillaea, sensu stricto, for species 
with clustered flowers and with carpels containing one or two ovules (e.g., 
C. erecta). However, as defined by Schonland, sect. Tillaeoideae, com¬ 
prising several groups or series,’ combines these and other species that 
had otherwise been treated as segregate genera or sections of Crassula. 
Segregate taxa have been based primarily on the number of floral parts, 
ovule number, and nectar-scale shape. But, as Schonland (1916, p. 42) 
notes, these characters are ‘‘useless for generic distinction, as they may 


■ Schonland gave no rank to his subdivisions of sect, 
has designated them as series. 


Tillakoide.ae ; Jacobsen ( 1970 ) 
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separate species which are otherwise closely allied and moreover they 

are sometimes not constant in one and the same species.” 

As a group, species of sect. Tillaeoideae consist of small, morpholog¬ 
ically variable, annual, biennial, or perennial plants adapted to wet soils 
(some are true aquatics), while others are decided xerophytes. The petals, 
which are usually spreading at anthesis, never form an urceolate corolla 
(a condition Schbnland considers to be a xerophytic adaptation), and they 
lack the subapical mucro characteristic of Crassula sensu stricto. Despite 
these deviations, Schonland states that ‘‘no sharp line can be drawn be¬ 
tween the Tillaeoideae and other sections of Cvdssuld. He suggested 
further that species of sect. Till.4eoideae are the least derived species of 
Cvdssuld and that a great age for the section could be deduced from the 
widespread distribution of its species. Froderstrom (1930, 1931) went 
so far as to suggest that Tillded, which he maintained as a genus, was 
ancestral to the entire Crassulaceae. But Berger (1930) cautioned that 
species of the Tillaeoideae are probably highly derived, reduced forms, 
an opinion shared by Uhl (1948), who suggested that the wide distribu¬ 
tion of the section (and of individual species) is attributable to very 
efficient seed dispersal. Quimby (1971), who studied the floral anatomy 
of C. dqudticd, also suggests that Tillded, as a genus, could be considered 


a reduced form of Crdssuld. 


species 


Among other genera of the Crassulaceae, Schonland favored a possible 
origin of Cfdssuld from the usually obdiplostemonous genus Sedutn. Some 

of Sedum sect. Empeteium Boiss. {Sedum sect. Procrdssula 
(Griseb.) Schonl., pro parte, Procrdssuld Griseb.) are haplostemonous, 
and, except for their alternate leaves, are suggestive of Crdssuld. The idea 
of an origin of Crdssuld from Sedum is given some support by Mauritzon 
(1933), who, on the basis of embryological data, concluded that Crdssuld 
(and Tillded) is evolutionarily younger than Sedum. Quimby (1971) 
states that floral anatomical evidence, i.e., the single whorl of stamens and 
the lack of or small size of certain carpel traces, also supports this 

hypothesis. 

Interspecific hybrids in Crdssuld appear to be very rare. However, the 
presence of an extensive polyploid series suggests reticulate relationships 
among the species. That sect. Tillaeoideae has a base chromosome num¬ 
ber of a: = 8, as was suggested by Baldwin (1936), has been confirmed 
by the recent investigations of Merxmiiller et dl. (1971) and Friedrich 
(1973); yet the one discordant count for the section is that of 2w 
C. dqudticd. Otherwise, somatic numbers range from 16 to ca. 128, all 
multiples of eight. Most other sections of Crassuld have a base chromo¬ 
some number of 7 (from the diploid to the decaploid level), but some 
sections share both base numbers. As noted by Uhl (1956), the sig¬ 
nificance of the different basic chromosome numbers with respect to 


42 for 


known,” but Friedrich asserts that “polymorphic 
aggregates, e.g. the Crdssuld lycopodioides complex, are extremely hetero¬ 
geneous with regard to their caryological conditions. It appears that 
different species have been united often unjustifiedly in such cases.’ 
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I he ease by which plants of Crassula species are propattated ve,Q[etatively 
has enhanced the use of these succulents as house plants. Crassula Ivco- 


podiotdcs Lain.. 2ii 


16, 32. 4S. 64. 96 (.sect. Till.ai'.oidicae .series Lvco- 


podioidcs Schonl.) and pyraniidalis Thunbero;. 2n 


14, 28 (sect. 


Pyk.a.viidkll.a Harvey), lioth of South Africa, are but two of the many 
species of Crassula availalde at florist .shops. Perhaps the best known 
species is C. aryeiitea Thunbers (C. portulacea Lam.). 2n = 42. 56 (.sect. 
Stkll.at.ak Schonl.). al.so of .‘'outh Alrica and commonU' knoAvn as the 
jade tree or Chinese ruliber tree. Widely yrown as a house plant, it is 
sometimes ,<trown out-of-doors in warmer temperate regions as a perennial 
ornamental. The nomenclature and taxonomy of the.se and other species, 
however, is often confu.sed and open to dispute, a situation due in large 
measure to the difficulties of preparing adequate, identifiable herbarium 
specimens of succulent |flants. 
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Subfam. KALAXCHOIDEAE Berger 

4. Kalanchoe Adanson. Fam. PI. 2: 248. 1763. 


Glabrous or pubescent, [monocarpic or] polycarpic perennial herbs, 
subshrubs, or shrubs, often of twining or rambling habit, the majority 
terrestrial from fibrous roots [or some epiphytic], many gemmiparous and 
viviparous. Leaves opposite and decussate or in whorls of 3, simple or 
occasionally pinnately compound, the simple leaves sessile to petiolate, 
the bases of the blades or the petioles often amplexicaul; blades 
culent, flattened to i cylindrical with entire, crenate, dentate, or pin- 
natisect margins, often with adventitious buds in the crenations of the 
leaf margins producing plantlets. Flowers perfect, usually numerous, erect 


suc- 


to pendent in terminal or 


sometimes axillary, bracteate. paniculate or 


cymose inflorescences, sometimes with adventitious buds in the axils of 
the bracts; insertion of the calyx and corolla hypogynous. Sepals 4, 
weakly to strongly connate, forming a cylindrical, often inflated calyx 
tube, the 4 free lobes shorter to longer than the tube. Petals 4, violet 
through red and pink to white, yellow, or greenish, connate for most of 


their length, forming a cylindrical to 




campanulate or 


urceolate. 


usually 4-angled corolla tube, the tube sometimes basally constricted ov^er 
the gynoecium and the 4 free lobes spreading to recurved. Stamens 8 
rarely 4], epipetalous in 2 whorls of 4, usually exserted; filaments slender, 
tapering to the basifixed, yellowish anthers. Gynoecium 4-carpellate, the 
erect or divergent carpels connate at least basally; carpels constricted 
above the ovaries into slender, usually included styles, the stigmas small, 
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often poorly or not differentiated; ovaries unilocular with numerous ana- 
trojwus ovules on jilacentae alon" the adaxial sutures. Fruits erect or 
divergent, papery to coriaceous follicles dehiscent along the adaxial su¬ 
tures; seeds numerous, very small, usually zb oblong and with rugose or 
wrinkled seed coats; embryo straight, small, embedded in endosperm, the 
megagametophyte of the Polygonum tyj)e. Base chromosome numbers 
17, 18. 20. {Vercia Andrews, including Bryophyllum Salisbury, Kitchingia 
Baker.) Type species; K. laciuiata (L.) A. P. de Uandolle. (Xame 
api')arently derived from the Chinese name for one of the species; cf. 

W. H. Harvey in Harvey & Sonder, FI. Capensis 2: 327 380. 1894.) — 
K,\lanchoe, bryophyllum. 


Approximately 12.5 species in three sections, the large majoritv endemic 
to Madagascar, others indigenous to Africa and Socotra, one or two widely 
distributed in both the Old and New World tropics. In the southeastern 
United States eight species hav^e been reported as naturalized, all in 
southern Florida. Lakela & Craighead (1965) included three species in 
their checklist, while Long & Lakela (1971) considered six. Recent col¬ 
lections by Brumbach on Captiva and Sanibel islands, Lee County, in¬ 
dicate that one or two additional species have become established, pri¬ 
marily on the latter island. 

Six of the eight species occurring in our area belong to sect. Bryo- 
piiYLLUM (Salisb.) Boiteau & ^lannoni {Byyophyllum Salisb.), a section 
characterized by o|)posite or usually whorled leaves, pendent flowers with 

7 inflated calyces with the lobes shorter to longer than the 

tube, the corollas often constricted l)asally with the stamens inserted near 
the base, and the carpels erect. Plants of many species of this section 
produce plantlets in the crenations of the leaves. The remaining four 
naturalized species are members of sect. Kalanchoe and are character¬ 
ized by opposite leaves, erect flowers with the calyx of free or basally 
united sepals, unconstricted corollas with the stamens inserted at or near 

erect and contiguous carpels. In species of .sect. Kal.yn- 
CHOE, plantlet production is apparently restricted to cut or injured sur¬ 
faces. The third .section, Kitchingia (Baker) Baillon (Kitchingia Baker), 
composed of plants with opposite leaves, pendent to nodding flowers with 
the calyx lobes about as long as the calyx tube, basally constricted corollas 
with the stamens inserted near or above the middle, and divergent carpels, 
is not known to be represented in the southeastern LFnited States. 

Of the species belonging to sect. Bryopliyllum, Kalanchoe pinnata 
(Lam.) I eisoon (C otylcdon pinnata Lam., Byyophylluni calvcinuni Salisb., 
B. pinnatum (Lam.) Kurz, Sedum madogascaricum Clus.), 2n — 36, 
38(?), 40, is undoubtedly the most widely naturalized species in our area. 
Often forming dense colonies in waste and disturbed areas, it has been 
reported from Palm Beach, Hendry, Lee, Collier, Alonroe, and Dade 
counties. Plants of K. pinnata, which can reach two meters in height, are 
easih^ recognized by their hollow stems and their large paniculate in¬ 
florescences of flowers with papery, inflated, greenish white to pinkish or 
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reddish calyx tubes 2.5-4 cm. long. Initially producing simple leaves with 
crenate margins, mature plants develop pinnately compound leaves with 
three or five leaflets. Both types of leaf produce plantlets in the crena- 
tions of the margins, and it is by this vegetative means that extensive 
colonies of plants have developed. \\ idely distributed throughout the 
tropics and subtropics of both hemispheres, it is probable that much of the 
wide range of K. pinnota, the nativity of which is uncertain, is due to the 


activities of man. 

Flowers of Kalanchoe Gastonis-Bonnicri Hamet & Perrier, 2n = 34, 
are similar to those of K. pinnata but are smaller, and the calyces are less 
inflated. The corollas, which extend beyond the calyx tubes, are either 
yellowish green or reddish, but apparently only the latter color form is 
represented in our flora. The plants produce large, consistently simple, 
lanceolate to spatulate, whitish to purplish leaves, sinuate to crenate at the 

Native to Madagascar, K. Gastonis-Bonnieri has become well 

established on Sanibel Island, Lee County, Florida. 

Kalanchoe tubiflora (Harvey) R. Hamet {Bryophyllurn tubifiorum 

Harvey, K. delagoense Eckl. & Zeyh., B. delago'cnse (Eckl. & Zeyh.) H. 
Schinz; including K. verticillata Scott-Elliot, B. verticillatum (Scott-Elliot) 
Berger), 2n = 34, 40, 68, has also been reported as naturalized in several 
areas of Florida in Martin, Palm Beach, Lee, and Collier counties, where 
it has been noted growing in waste places and on shell mounds. Widely 

..•v*^*.*.* •Ij 


margins 


grown as a pot plant 


fl 


brown-spotted, more-or-less cylindrical leaves that are shallowly grooved on 
the adaxial surface and notched at the apex where bulbiferous spurs produce 
an abundance of plantlets. The flowers, which are notable for their 
relatively short calyces but long, pinkish to red corollas with spreading 
lobes, are produced in cymose corymbose inflorescences. Native to Mada¬ 
gascar K. tubifloca is probably indigenous to areas of South Africa as well. 


Also well known as a pot plant, Kalanchoe Uaigceniontiana namei iv 
Perrier {Bryophyllurn Daigremontianum (Hamet & Perrier) Berger), 
2n = 34, has become established in Palm Beach County and on Sanibel 
Island, Lee County. It has also been collected at Key WTst and may be 
naturalized elsewhere in the Florida Keys. The erect, glabrous, robust 
plants of this species, which is native to Madagascar, attain one meter in 
height and produce decussate, petiolate leaves with large, succulent blades 
that are spotted or blotched reddish brown beneath and are often ± 
auriculate at base. Abundant plantlets are produced by adventitious buds 
in the notches along the crenate to serrate margins. The pendent, lavender 


flowers are similar to those of K. tubiflora. 

Kalanchoe laxifiora Baker {Kitchingia laxiflora Baker, Bryophyllurn 

crenatum Baker, Kalanchoe Tieghenti Hamet, K. crenata Hamet, not 
Haw.), 2n = 34, also native to Madagascar, has been reported as natural¬ 
ized in waste places in Collier, Monroe, and Dade counties. A glabrous 
perennial to 5 dm., K. laxiflora is easily distinguished by its decussate, 
petiolate leaves with variable ovate to pandurate blades with crenate 
margins and db auriculate bases. Like the other species of sect. Bryo- 
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PIIYLLUM, 


fl 


the leaves. ^Fhe llowers. with short. 


inflated calvces and relatively lonc[. 


red to rosy- or yellowish-orange corollas, are produced in branched, 
paniculate inflorescences. 

Unlike other naturalized species of sect. Bryophyllum, plants of 


Kalanch oe Fcdtschoikoi Hamet & I^errier, In 


34, develop into low, 


dense, tnany-branched shrubs with j^rocuinbent steins that eventuallv turn 
upward. Lony, stift adventitious roots are produced alony the procumbent 
pai ts of the steins, and the short-j^etiolate, decussate leaves are closely 
spaced. The bluish ijreen blades are ov^ate with rounded apices, and the 
cicnate inaiyins are brownish tin^s^ed in the crenations. The Oowers, pro¬ 
duced in terminal dichasial inilorescences, are brownish pink. Another 

native of ]\Iada^ascar, A. Fcdtschcnkoi is knovvm to be established in our 
area only on Sanibel Island, Lee County, Florida. 

^Of the two species of sect. Kalanchoe that are naturalized in our area, 
K. uKiDnorata Baker {K. gra 



ora A. Rich., not Wij?ht & Arn., K. 
so})iarunsis Bakei, A. niacvantha Baker), 2n ~ 34, is perha[^s the most 

distinctiv^e. A ^c^labrous shrub usually branched from the base and with 

elect 01 sometimes procumbent stems, plants of K, niannorata are easily 

recognized by their sessile to shortly petiolate leav^es with undulating to 

crenate margins that are green to plum colored and often brownish s|)otted 

on both surfaces. The erect dowers, borne in corvmibose cvmes, are 

white corolla tube.s. 8-10 cm. long, terminated by 


characterized b\ 


long. 


short, deltoid lol)es. Native to Ethiopia and Somalia, it is reported by 
Long & Lakela (1971) to be established in hammocks and disturbed sites 
in .southern Florida, where it often forms extensive colonies. 


Kalanchoe crrnata (Andr.) Haw. (Vcria crenata Andr., K. integra 
(Medic.) O. Kuntze var. crcnata (Andr.) Cufodontis). a shrub with long- 
petiolate. elongate-lanceolate leaves with doubly dentate margins and 
yellow flowers produced in glandular-pubescent inflorescences, is the 
second species of sect. Kalanchoe naturalized in Florida. Long & Lakela 
(1971) list it as occurring in disturbed sites and hammocks in South 
Florida, and I have seen a specimen collected in 1973 from Sanibel 
Island. Lee County. Considerable taxonomic and nomenclatural con¬ 
fusion apparently surround K. crenata, and plants of this and closely 
allied taxa have been given varying taxonomic recognition (cf. Bailey et al., 
1976; Jacobsen, 1960. 1970; Baldwin, 1938; and Long & Lakela, 1971). 
As a result, various names, including K. laciniata (L.) DC., have been 
applied to our plant, apparently a South African native, and taxonomic 
and nomenclatural aspects need clarification. Baldwin (1938) found 
2n 34 and 2n = 68 for plants of this complex supposedly corresponding 

to K. laciniata, sensu lato, and 2n = 102 for plants determined as K. 
crcnata. 


Much of the taxonomic attention given Kalanchoe has centered around 
its generic boundaries and the validity and status of Bryophyllum and 
Kitchingia. Many botanists have followed Baillon (1885), who included 
Kitchingia as a section of Kalanchoe, and Hamet (1907, 1908), who in- 
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corporstcd both Byvophyllum find Kitchin^io. within Kolancho'c ns the 
sole genus of subfam. Kalanchoideae. Hamet placed the species in 14 
groups of undesignated rank, while Boiteau & Mannoni (1947-1949) 
arranged the species in three sections (and numerous subsections) that 
reflect the originally proposed generic boundaries. 

Those who have maintained or supported the maintenance of three 
genera have included Berger (1930), and Tillson (1940), who offered 
anatomical evidence in support of her position. Tillson found that in all 
three taxa “. . . the four petal traces are adnate to the corresponding 
antepetalous stamen trace as it leaves the floral axis.’ Despite the level 
of stamen insertion, however, consistent differences in the level of di¬ 
vergence of the two traces were noted. In Bryophylluni the traces separate 
below the level of corolla insertion, while in both Kalancho’e, sensu stricto, 
and Kitchingia separation occurs at some level in the corolla. 

However, the intermediate morphology of several species originally 
indicated that the three genera should be treated as one, and this position 
has been supported by interpretations given both embryological (Maurit- 
zon, 1933) and cytological (Baldwin, 1938) data. IMore recently, Fried¬ 
mann (1971), who has surveyed the chromosome numbers of numerous 
^Madagascan kalanchofe, has cautioned that additional cytological data 
together with geographical evidence may indicate that two genera, Bryo- 
phyllum (including Kitchingia) and Kalancho'e^ are justified. It is obvious 
that additional evidence will be required to validate either the continued 
use of one genus or of two or three genera, and to gain unanimity among 
botanists. The choice made here to consider subfam. Kalanchoideae as 
consisting only of Kalanchoc, itself comprising three sections, is pro¬ 
visional — a choice of convenience that preserves the identity of the three 
taxa, yet reflects what are very close and undoubtedly reticulate relation¬ 
ships between them. 

Chromosomes of Kalanchoc are small, yet chromosomal morphology is 
generally discernible and may be variable within a species complement, 
heterochromatic fragments have also been observed in several species. 
Chromosome numbers have been reported to range between 2n — 34 and 
2n = ca. 500, but most species are either diploid with 2n — 34 or 36, or 
tetraploid with 2n = 68 or 72. Kalanchoc crenata is probably a hexaploid 
with 2n — 102; K. Grandidicri Baillon, 2n = ca. 140, is likely an octo- 
ploid; and K. Faustii Font Quer is a decaploid with 2n — 170. Multi¬ 
valent or secondarv associations during meiosis apparently are uncommon. 

While the majority of species of sect. Kalanchoe have chromosome 
numbers based on 18, and most of those of sects. Bryophyllum and Kit¬ 
chingia are based on 17, there is incomplete coincidence between base 
chromosome number and sectional lines. Baldwin (19o8) proposed that, 
of the possible base numbers for the genus, viz. 17, 18, 20, the primary 
number is 17. His suggestion was based on the hypothesis that Kalanchoe 
had an origin involving members of subfams. Crassuloideae and Cotyle- 
donoideae Berger where base chromosome numbers of 7 or 8 and 9, 
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respectively, were suspected. Both subfamilies are well represented in the 
geographical area where Kalancho'e is indigenous. 

Although the prevalent diploid number found in Kalancho'e is 34, a 
number ba.sed on 17, Uhl (1948) proposed that the Kalanchoideae may 
have had an origin completely within the Cotyledonoideae. and that, as a 
result, the primary base chromo.some number for Kalancho'e is 18. Uhl’s 
proposal is strengthened if members of Crassula sect. Tillaeoide.ae are 
considered to be derived members of that genus. This inter]:)retation re¬ 
quires that, of the two possible base numbers for the Cras.suloideae. 7 or 8, 
seven be taken as the primary number, thereby excluding the great ma¬ 
jority of taxa of the Crassuloideae except species of sect. Till.aeoideae 
as possible ancestors of the Kalanchoideae. Based on morphology alone, 
this hypothesis seems doubtful, while the separation l)etween the Kalan¬ 
choideae and Cotyledonoideae is based solely on four-merous flowers in 
the former and five-merous flowers in the latter subfamily. 

The production of plantlets along the margins of leaves by species of 
Kalancho'e sect. Bryophyeeum has attracted the attention of numerous 
investigators. Stoudt summarized the studies prior to 1938 and pointed 
out that for all the Crassulaceae investigated, a residual meristem or a 
secondary ^'cicatrice meristem formed from parenchyma cells produces 
root i)rimordia endogenously and shoot primordia exogenously. Differences 
in plantlet formation consist of the presence or absence of residual 
meristems, the location of the meristematic activity, the conditions under 
which meristematic activity and/or growth of primordia are initiated, and, 
if residual meristems are present, the degree to which primordia are de¬ 
veloped on mature plants. In species of sect. Bryophyeeum, meristematic 
activity and subsequent growth of plantlets can occur on either attached 
or detached leaves. In sjiecies of sect. Kalanchoe, growth of a new 
plantlet is apparently induced only when leaves are detached. Moreover, 
the residual meristematic region in species of sect. Kalanchoe is at the 
base of the leaf or petiole, not in the crenations of leaf margins. 

Numerous studies have attempted to determine the factors that trigger 
or inhibit the activity of the meristems and the growth and development 
of the primordia, which in species of Kalanchoe are well differentiated 
when the leaf on which they occur is still immature. The literature con¬ 
cerning this aspect of plantlet production is large, and no attempt has 
been made to summarize it here. It appears, however, that there are con¬ 
flicts and contradictions in the literature, and it would be helpful if a 

plant physiologist could summarize this knowledge; to this end, numerous 
references are included below. 

Because of the ease of propagation of plantlets and the re.sulting avail¬ 
ability of clonal populations, plants of Kalanchoe have proven to be apt 
subjects in experimental studies. Much information concerning the genus 
has accumulated and is scattered in the physiological literature. For ex¬ 
ample, it has been determined that Kalancho'e Blossjeldiana Poelln. is a 
typical short-day plant, while K. crenata, K. tubiflora, and K. Daigre- 
montiana are long-short-day plants. Van de Pol (1972) has summarized 
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available information concerninij floral induction and flowering in Kal- 
anchoc, and his paper should be consulted for numerous pertinent refer¬ 
ences of a physiological nature not cited here. 

In another study, Groner (1974) has reported that parent plants of 
Kalancho'e Daigremontiana produce a water-soluble allelopathic agent 
that greatly retards growth (as well as eliciting a syndrome of related 
characteristics) in daughter plantlets that become rooted within the radius 
of the parent plant’s root system. Groner suggests that this influence is 
an adaptation for the control of both population size and density. In 
Madagascar, where the species is native, plantlet production is increased 
during the rainy season, when it is probable that the plantlets are detached 
and washed to new areas for establishment. An allelopathic effect was also 
observed on germination and growth of plants of several other species of 
monocots and dicots, while others were unaffected, and Groner (1974, 
1975) suggests that the allelopathic compound is a unique glycoside, bryo- 
phyllosid, recently characterized by Karsten (1965). 

No information concerning the breeding system or pollination ecology 
of Kalancho'e has been located, except for the suggestion that flowers of 
K. pinnata are adapted for hummingbird pollination (Knuth. 1908). 
However, Craft (1942) has described the occurrence of extrafloral nectaries 
on the uppermost leaves and lowermost floral bracts in K. pinnata. These 
‘‘nectaries’’ (glandular tissue lying in pitted areas on the lamina) appear 
and produce droplets high in glucose content only when the plants are in 
flower. 

Several hybrids have been reported in Kalancho'e, but all references 
located refer to hybrids that have arisen either in cultivation r 11^ r u 
intentional crosses. A triploid hybrid, 2n — 51, between K. Daigremonti¬ 
ana and K. tubifiora, both of sect. Bryophyllum, has been reported by 
Baldwin (1949) and Warden (1958). Displaying a morphology inter¬ 
mediate between the parental species, the hybrid is apparently well estab¬ 
lished in American horticulture and is sometimes referred to as K. X hj- 
brida Hort. Another hybrid has involved K. Daigremontiana as the 
pollen parent and K. pinnata as the seed parent, while the intersectional 
hybrid, K. Daigremontiana X Blossjeldiana, and its reciprocal, have 
been produced by Resende (1956). Maintaining two genera for the 
parental species, Resende gave the hybrid group the name X Bryo- 
kalancho'e lisbonensis, apparently an invalid one lacking a Latin descrip¬ 
tion. Resende’s observations on these sterile hybrids indicate that “the 
capacity to form pseudobulbs is recessive and that SD [short-clay] is 

dominant over LSD [long-short-day].” 

Aside from their usefulness in experimental studies, several species of 
Kalancho'e are of economic importance as pot plants. Within recent years 
numerous cultivars of K. Blossjeldiana have been selected and marketed 
as winter-blooming house plants, and most florist shops offer this species 
for sale during the Christmas season and into the spring months. Many 
other species are widely grown by fanciers of succulent plants and may 
occasionally be found for sale in florist shops. 
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